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‘By AL Am. So : 


This. paper ‘enliniaidaaly analysis of the phenomenon of rainfall penetration 


on valley floors in semi- -arid areas and a discussion o of methods for the quan- mit 


titative ‘determination of the resulting ‘water supply, with special, reference 


to conditions in Southern California. abe wh tee 
The following specific examples are discussed : eb 


Determination of rainfall penetration from ‘moisture tests’ 
from springs in the Murrietta-Temecula Area. Hist tire: 


2—Determination of penetration on valley uy with 
‘mountain run-off i in ‘San Bernardino Valley. 


og —Determination of penetration from rainfall an see rise > of water 


in tests wells in Pauba. Valley. i 


the West in the ‘valleys of Southern 
_ where seasonal rainfall varies | from 6 to 24 in., the water supply resulting 


deep penetration of rainfall on ‘the valley floors of ‘erent 

ih the past, ‘engineers have sometimes: under- estimated this ‘source! of 


Ww ater supply, while i in the people’ 8 s mind the safe yield of ground- water sources: 
has been confused with the capacity of the basins and the ‘supply has been con- 
sidered: unlimited. Recent investigations would indicate that under favora 

conditions of rainfall and soil formation the permanent recharge of ground: 


— 
- Notrg.—The Special Committee on Irrigation Hydraulics has selected the subject of 
“Evaporation from Soils’ as one of ten for study and research. This paper was submitte 
‘ to the Committee by its author, and the Committee has recommended its publication in Pro 
ceedings in order to elicit discussion of the subject (see Progress we of the. Committee, py 
Proceedings, Am. Soc. C. E., March, 1929, Society Affairs, 
paper will be closed in September, 1929, Proceedings. 


Cons. Engr. » Los Angeles, Calif. 
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WwW ATER SUPPLY FROM RAINFALI 


one season and during a period of. years to as 18 much a 


The ‘disposal ofa rainfall is_as follows: Sto orm run- -off ; (2) 
losses ; (3) transpiration losses ; ‘and (4) deep penetration, (2), (3), and 


(4) be grouped under the ‘term, “absorption”, for or 
Item With closed basins, the resulting. water supply Tepresented by Items 


ae qa) and ( 4) “may, be determined by direct measurement (making allowance 


for consumptive use and evaporation losses from moist areas) ; while with open 
valleys indirect methods may ‘have to be resorted to by assigning: values to the 


Measurements + and other information leading to ‘the deter- 


mination of a any - of the factors are, , therefore, of general interest. ~ Certain 
tudies made for the alluvial valleys of Southern California, ‘the ‘methods 


pplied, and here presented, ‘may be useful to other investigators. eats. 
general conditions that affect penctration may be the 


character of alluvial deposits, the topography of the ground, the ; use made of 


he soil for purposes of agriculture, and the intensity of storms. ek 
Character of Alluvial Deposits.— “Seepage water that penetrates intermit-_ 
e tly below the limits of evapo- transpiration ‘activity must ultimately cause 


the wetting—to, field capacity—either of the entire formation overlying the 
-water- table, or of well-defined ducts reaching from the surface to the -water- 


table. oe there i is ; additional | seepage from above, ‘there must be } a correspond- 
ing addition to the ground- -water body. Hate to 
Alluvial deposits are essentially heterogeneous i in formation so that the per- 


-colating fluid will naturally find lines of least. Tesistance. Therefore, a uni-— 
form saturation over large. areas is not likely to occur, but rather. the forme- 


pervious stratum, movement downward is interrupted. and a suspended water 
table is formed. - Gradually, lateral percolation and a circuitous route for” the 


percolating fluid are then established until another pervious: deposit again per- 
mits a more or less vertical movement. Wh henever a suspended water- table hes’ 


been. formed, t the drainage from it will occur over the edges of the i impervious - a 


and is likely collect into. streams, as illustrated in Fi ig. 


‘shafts in alluvial fills. it is quite ¢ common. strike 
with moist materials: and of water. 


mass between the surface and the ground-water table will be saturated. pitkbn:> 


err 


The recharge ¢ of the ground- water may be hastened or delay red by i impervious 4 


strata. Large clay bodies “may ‘not only cause of an irregular 
) 


water supply, but they may also provide: storage of a magnitude not apprecia ated 
24, 


folgat 


The diagrams in this paper were drawn B Assoc. M. Am. Soc. 
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"FROM: RAINFALT 
q 


Absorption is favotedby the w 
oots, , which” have a tendency to drain’ a saturated ‘ass along’ defined canals 


: It is concluded, , therefore, that both the the heterogeneous character nt of ‘albuvie 


1 the 2 action of roots tend to concentrate ‘percolation along lines of 


(Me of Deficient Moisture ae 


s.—The elect of of rain 


oceur on an apparently true or r hog- wallows huminocky undulation 


e ‘to ‘the depression, B. -in 
2B a a depth of water of as much : as 6 in. and a seepage . greatly i in excess of that — 
Points A and This concentration of rain induces a 


¢ corresponding concentration of | seepage and may be responsible, i in part, for 


‘ deep penetration when the seasonal rainfall, uniformly absorbed, is not sufi- 
ecient the and ‘evapo-transpiration losses. 
ensity 
that is, falling in “consecutive: days, or) within intervals Rot 

i days. enerally speaking, the 


storms vary with seasonal rainfall, Dry years with as 8 great a as 12 j in 
generally devoid of heavy storms and seldom have a storm of 


than 3 in. Very wet generally produce one storm | of outstanding 
+ intensity and a number of minor stor ms, although there are exceptions to this KF 


‘Tul _ nasmuch as the rate of evaporation is a maximum immediately after 
‘a rain, and since even showers fos oster the growth of grasses, the light rains of a 


_ dry winter are, as a rule, , immediately w wasted, while on the other hand, th 
lighter storms of a wet winter may saturate the soil to field capacity and oa % 


quent heavy ‘storms may produce nearly 100% penetration. ‘The 


effects of one heavy wubvin over a -humber of — ones becomes magni 
the ‘soil is non-uniform. 

Fig. “8 shows the distribution of of. 


based on seasonal and daily records of four stations in the /Murrietta- -Temecula 


: A a (Riverside County), of Southern California. This i is an undulating area 

; ranging in altitude from 1000 to 1600 ft., with beolated peaks reaching eleva- 
coe 3000 ft. It is an interior valley and, comparatively speak ing, it is 


(Fig. a available for. 
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approaching 6 in. and the 


_ station at Wildomar (Elevation 1 254), for three « characteristic years, is listed 


2 
1 


ot ‘aoe One storm each. TAR 


By 


th 


DISTRIBUTION SEASONAL RAINFALL. sth 


The important at feature: of this analysis is the illustration of the occurrence 
each season of one storm of outstanding intensity, necessitating the 


: of a special curve » of § ‘maximum storms”. Example 1 explains the curves in 


“A 
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lven a seasonal rainfall of... ..:..... 


falling of more than 


From Oana G, the rain 1 falling 3 in storms of more than dei. 


From Curve F, the possible 1 maximum rain storm vis... 9 oft 


Therefore, the rainfall in storms of more than 

in, and below maximum, is....... 

fi From this be that, for a ‘seasonal rainfall of 22 in., Chere 
alc mas « ad atta von ret, ge aa! 


Storms from 2 to 3 in. (14.4 — 9.9). 


torms of less than 2 

‘The effect of a ‘series of dry is to deplete the moisture content 


the: depth of plant: ‘roots, or - possibly below that point, evaporation being the 
minor and transpiration the ; major factor. | It may require a very wet year to 


WE 


recharge. a deeply depleted soil. However, if furt er wet. years. follow, the 


amount of deep penetration must. assume substantial proportions. This is 
inferred from a segregation, into storms, of the. rainfall at Wildomar Gn th 


i 


Season. 


20 


fa It is concluded that the major part of dose 


rainfall « occurs during a series of consecutive wet years and that the que 


é of the maximum storms may be considered a Daina 


‘tion 
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WATER — FROM RAINPALE 0 VALLEY FLOORS (Papen, 


of Cover.—The of the U. s. Department of | 
have pi 


1ave published the results. of great numbers of experiments: rela-f 
to Tosses for different ‘types of soils and 
On the basis of these findings, values for the » determination of deep 
penettation may be assigned to moisture deficiency at the beginning of a rainy 
season, and to the losses by evaporation, transpiration, and run-off in con- 
‘nection with a study of the individual ‘storms of a season, This method, of 

ae necessity, is based on n the assumption that rain will remain uniformly dis. 
ee over r the area after it falls; that the moisture depletion at the end of 


- the season is more or less uniform ¢ over r the ¢ area in question ; and that the soil 

a s of uniform texture to the de pth 1 to which ‘such depletion | occurred. These 
assumptions, in all | probability, ‘will result in excessive values for: losses and 


low values for penetration. _ On the other hand, if based on daily rainfal 
records and carried through an entire season, this method. will” take into 
account the character of individual storms in a manner no dther method will 


permit, so. that the results must be considered as reliable, although too ‘low. 


ach season, however, must be studied separately. ORE SE 
Harry F. Blaney, Assoc. M. Am. Soc. C. has estimated the total 
ao transpiration for all active growing vegetation in the northern valleys of | 


: Southern California for the six winter months (rainy season) as 1 acre-in, 


acre per month. F or bare lands, vineyards, ¢ and deciduous orchards which 


are clean cultivated, no transpiration losses. oceur in the winter. Further- 


"more, the deficiency | of ‘soil moisture at the end of the s summer ‘is, , for owe 


Irrigated grain and citrus....... dic 2 to 4 aere-in. per acre 

Evapor: ation losses a are 0.5 in. per § acre re after rainstorm, or from 4 in. 
to 8 in. per | season. — From. these | data t the water r supply that may be required 


8 satisfy the moisture deficiency | at the beginning of the rainy season and the 


_ evapo- transpiration losses during the same time, is estimated by Mr. Blaney as 


follows, depending wetness of the preceding years and the type of soil: 


Irrigated grain and citrus. 12 to 16 in. 
Von-irrigated grain and weeds. ..,:. 12 to 18 in. 
Deciduous orchards, “grapes... . 10 to 16 in 


Penetration may ascertained, both as to quantity nd 


e depth, by soil moisture tests made before ane a wetting. Test samples. 


are obtained by ‘soil auger ot soil tube, and | the holes of successive tests as a. 
are within a few inches of each other. The then plu igged 


* Bulletin 19, “Santa Ana River Tnvestigation,” ate California yet 
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of Southern California, soil ‘Moisture tests are er of of 


made to determine the immediate irrigation needs. 


TA 


ABLE INFALL ‘ND Reoorp FoR THE Murrrerra 


Seasonal rainfall, in inches 3 ‘Storms of more than 2 


73 
2. 
6.15 


abystoos nit. bo 


spyallot 


Tegh on the North Mesa of the Murrietta- Temecula’ Perten Riverside 
County, Southern California. Fi ig. 4 is a map of this area. — These experiments 
were i in conjunction with the determination of the ws water ‘supply 
able from the rainfall which was indicated by springs in the | same general 
locality. 4 The | region 1 is comparatively arid and the soil is an ancient, rather 
compact alluvium » a combination which would lead the casual observer to the 


‘conclusion that no 0 deep penetration could occur. Table 3 


gives the seasonal 


‘rainfall and storms for a period of years s for the station at Wildomar in Mur- 
| rietta ‘Valley. The altitude of Test ‘Plot No. 1 (see Fig. 4), is 1400 ft. ft. and © 


‘the average seasonal rainfall at that place i is about 14, 5 in. Water was ar 
vy rigation and by. rainfall. Moisture determinations v were made from soil 
auger samples and were averaged from observations on three holes. The soil 


isa sandy clay loam, or silt | loam, ¥ with strata of pure sand at depths of 12 to 
Bb ft. 7 ‘After a rain, the mesa shows any ‘shallow puddles, from which the 


water ‘seeps. away or evaporates. The land } had been dry farmed. _ The water- 


“table: stands at a depth of about | 200 ft. T The size of test plots wes , 20 by 20 ft. % 


tamped earth. For fairly uniform soils the 
mnt of accurate for the area results may be considered 
area in the immediate vicinity of tl considerc 
rela. y of the test holes and sufi- 
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“WATER SUPPLY FROM RAINFALL ON VALLEY FLOORS | 


for Table 4 were obtained from undisturbed cores of soil | 
on March 16, 1927. The moisture equivalent test was made to obtain a value 


for the “ ‘specific retention”, which is a term ‘used to express the quantity of 
ater which a soil or rock will retain against. the pull of gravity if it is drained 


TABLE oF. Som in Test No. 


DeptH BELow Wikracn: 


Wilting coefficient.... 
Moisture equivalent 
Porosity, in percentage by volume.. 
Probable yield, in per centage by volume Pos 


_ The moisture equivalentt is eqiial to 100 —, in which, ¢ is the weight of the 


neds that remains in the soil after it has ‘hems saturated and. then subjected 


o a centrifugal force 1 000 times the force of the gravity, and Ww is the weight 
of the soil when dry. It is an arbitrary | ratio used in indirect determinations of 


the hygroscopic and wilting coefficients of soils and mad also be found useful 
for estimating the specific retention.t aps 


The approximate limits are given by. Meinzer§ as follow 


Quoting from a report|| by O. W. Israelsen and F. L. West 


WQorrelation between the moisture equivalent and the maximum amounts 
of water found after irrigation show a gratifying agreement and ‘suggest that 


the moisture equivalent might be made a basis of. judging maximum papillary. Y 


tres In other words, the moisture equivalent i is approximately the field capacity of 


= 


- _ Table 5 shows the moistu Ire equivalent from determinations made on the — 
ae Ee, test plot at. North Mesa (see Fig. 4) during February and March, 1927. Table 6 


contains a record of the quantity of water ‘applied on ‘the test lot: ‘> Asguming 


an ‘average a anaes of 1.69 for the dry soil, 1% of moisture is s equivalent 


§ Water Supply Paper No. 494, U. S. Geological 


Bulletin No. (183, Utah Agricultural Experiment. ‘Station. 
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gee Elsinore and San Lurs Rey 


Scale in Miles 


‘or 


to 0. 2028 surface i in. of water. " | The values given in Column (2), Table 5, indi- 


cate a a heterogeneous soil, the Sistocth: foot being sandy, the top ) foot, : a ‘sandy 
loam, and the fi Soo a loam. | From Column (2), Tab Table music: total field 


or a 
4, for the 
from Column Table 5, ‘a 8.66 i in, 


Consequently there was a moisture deficiency i in the 9 it. of 20. 16 - — -8. 66, 


pane 


"TABLE 5. —Morsrv RE FROM (Te 

‘Depth by PaRcentace oF MoIsTURE BY WeiGuT OF Dry Sor, 

surface. | Feb. .| Feb. 21, 1987, 108, Mar. 7, 1927. 


9 
5. 


1926, when about 83 in. “fell in one storm. 


in. in November, , 1926; 3.6 in. December, 1926 and 10.58 in. in 
1927, the last one being observed at the test plot. The daily rainfall preceding 
and during the test As approximately the same as shown in Fig. 5. 


TABLE 6. —Quanniry | oF Waren Appuirp 10 Test Piot av Norra Mesa. AN 


; 


February Moisture determined from Table | 5, Coluntn (8). 
pplied from a measured tank, 
MD stare determined from Table'5, Column 


Rain water | Measured in gauge. 


Measured in gauge. | 
Moisture determined from Table 5, Columns (6) and ¢ 
Samples take from Table 5, Column (2). 


82 ‘Total'y water applied o1 on ‘plot. 
From Column (8), Table 8 ‘is that at the test plot the heavy 


— = 
enetrate Delow the second toot an 1at as ag 4 


LEY FLO 


VALLEY, CALIFORNIA. 


~ 


PAUBA 


October 


= pate 


because, on February 4, the moisture content “third” to "ie 


Bae ot foot was below the wilting point. The i increase in moisture after February 4 
(4), (5), , and (6), (Table 5). By ‘February #1, mois- 


ture in the test plot had reached the seventh foot and by March 7, ‘probably 
Column (7 ), Tabl (5), gives the penetration from 10. 58 in. of rainfall at 
a point on flat ground fifty paces from: the ' test t plot. I It i is certain ‘that mois- 
ture had reached the fifth foot. ‘The excessive 1 moisture found in in the fifteenth 


a bore hole was made on February 26 ina “hog \ wallow” ” near the test ~ 


_ where some water had been standing prior to that date. The log showed a 
dark brown sa san dy loam and gravelly loam to 15 ft., where pure sand 
: struck. _ The soil was either moist or wet to 16 a indicating deep penetration 


from rainfall of 9.14 in., ‘which ‘oceurred from February 5 has 1927, due to. 
the effect of the concentration of rain water in a depressi ion. 


_ Expressing th the values of Columns 8) 3 and (6), . Table 5, 5, in surface inches 
i 


water, the wr has computed the penetration, n inches, ninth 
Bra March 7, total “moisture in the top 9 
4 
February 4, total moisture in the top 9 ft. ° 
ah 4 
in moisture. j 


Cre ae 


2. 00 


‘The foregoing lead to the ‘conclusion t that deep } penetration 
depreesions. I This" is also” indicated by the reaction of the water- table, 


underlying this 1 mesa, , to the February storm, and registered in the depth to 
water as shown in Table 7 (see Fig. 4). 
The mesa formation is alluvial, “unassorted, interpacked gravel and clay, 
a Iternating with strata of granitic | gravel, probably laid down by sheet floods 


under a desert climate, « and now under | erosive action. f Ww ater- ‘bearing gravels § 
in five wells, , which range from 200 to 600: ft. in n depth, : average about 30 per 


y observed in the rise of the bint: plane and 


point: to storage on top of clay strate, 4 
Iti is reasoned that, with two or three consecutive wet years as they hav ve. 
‘tie recorded i in ‘this region, deep penetration would have been general over the 


mesa and that | an . appreciable p portion of the ‘rainfall would have reached 


the water- table. Positive proof f of this is furnished ‘by the flow of certain: 


springs which issue at ‘the foot of the | stee 


| 
wa 
| dis 
| 
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— 
red evaporation losses, four separate 
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4 ay 
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ells near ‘the springs which 
have’ been ddwing: for several ‘years. The: of these: artesian : springs 
and wells is marked on Fig. 4 near Well No. 14. Careful analysis « of surface-— 


water and ground- water conditions: indicate that. ‘there is no ue, 
" distant, s source for this water supply and that local rainfall alone is responsible _ : 
There is corroborative ‘testimony: that the flow” of t the wells 


v riés little « over a period of years, the inference » being that the c pm “a 
a regulator an otherwise _ erratic 


ct formation acts as’ 
echarge. 


1 


inva’ 0. 25- rise. 179 
drop. 


.80-in, rise. 


“4 


7+ 
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2 
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* This reading was made in August, 


 Measuren ments | of flow were made on March 11 and October 26, 1927. On 

latter date, ‘the output was slightly than in “March which was thirty” 
: days after a heavy ‘storm. In October, the : springs proper flowed 0.191 sec-ft., a3 

and the artesian wells, 0.1672 sec-ft. (total flow, 0. 3582 sec-ft. Making a 
pth to further allowance for’ evapo-t transpiration losses in ‘swamps and for wild 
"growth in n the vicinity of the springs, the total visible ‘water: supply may be 
| at sec- ft... equivalent to 290 acre- -ft. per year. 
surface water- “shed tributary “to these springs and wells” was “computed “to > be 
30 per ground-wate basin extends Murrietta Creek to the in 


Files marked “Granite” in Fig. ‘4. direction of percolation ‘is indicated 


and and, in some places, crosses the surface Tines. ‘The 


| ground: water area tributary” to’ the springs ‘and w 


y have sq. ‘miles. Assuming that there is an average drainage area of 


at the springs and ‘wells represent the entire “supply a 


and that there is no by- -passed underflow, the yield is acre- tt. ‘per 


yer the 
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Row Orr 


quantity a and general of as well as the 
characteristics that might be ‘peculiar to an individual mountain water shed 


re expressed i in the rainfall r run- -off relations, and these relations can b pplie * 


with modifications to conditions on adjacent. alluvial plains. A. study is is here 
presented with this e end in view and illustrated for a ‘concrete case, namely, 


yee the application of the observed rainfall-run-off relations of the San Waning 

Mountain water-s -shed in Southern California the determination of 
penetration from rainfall in the San Bernardino Valley, 


Reliable run- n-off measurements mountain water-shed are erally 
available while rainfall records, as a rule, are in complete.. ‘The ‘rev: rse is the 


"case for valleys. - Rainfall increases with altitude, in in Southern California » UP 
to about Elevation 6 000 ft. a ‘The average rainfall of ‘a. water-shed ‘can be. 


determined from available record , either by the construction of isohyetose 


lines or tl the use of formulas. Fie SOG, 
Effect of Different Soil Formations—The ‘modern alluvial valley fill 


has» its ¢ origin in the residual soil of a granitic range is generally more op open 
‘ and, for similar ‘storm and cover conditions, should ‘produce: a larger percent- 


age of deep penetration than the residuum. “Similarly, the product of f erosion 
of an ancient alluvium will be more porous and subject to more: -rapid p penetra- 
tion than. its mother deposit. An ancient ‘compact alluvium has a larger 


specific retention than ar modern stream deposit and will hold larger | volumes 
: of: water, subject to. evapo- o-transpiration losses, and, ther efore, 1 will produce 
Ripa aes supply. This is demonstrated in Fig. 6 by comparing the run-off — 


curves of the Santa Ana River water- shed with. those of the _water- sheds of 


Lytle, Mill, ‘San Antonio, Devil Canyon, and Waterman Canyon Creeks. +. 
ns if The water-shed of Santa Ana Canyon i is s characterized by flats and valleys 
covered with an ancient alluvium, y while i in . the water-sheds of the other streams 


_ mentioned residual ‘soils and slides are the , predominant features, , and although 


— 


Santa Ana River has a higher seasonal rainfall, nevertheless its 


ercentage of 1 run- -off is less than in the case of the other water-sheds, 


Comparison of Physical Features Affecting Penetration. and Run-t Of. 

a mountain water- -shed with - residual, soil cover, seepage water may strike bed- 

Fock ata depth of 4 to 12 ft. or more, | where it will be. diverted down- hill g 

illustrated in Fig. 4 On this down- “hill course it moust run the — 


‘ of absorption by. the roots of trees, brush, and herbs which may have penetrated — 


- fissures to depths of 20 to 30 ft. Abstraction is, therefore, extremely active 
until t the percolating water reaches the stream “ded. Despite this continued 
tapping, however, seepage run- n-off i is produced i in dry years, although this may 


: be due. partly to ov ver-year storage and partly ‘to absorption on slides, which, 
4 owing to their unstable and porous formation, readily admit the Tain water. 
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PPLY AINFALL ON V 


Evaporation Transpiration 'Loss 
Consumptive Use of Cover fy 


Proposed for San Bernardino Valley 


With Natural Brush Cover 


Preceded by a Dry Year) 


A Years ~ ( 


(b) For Class B Year: 


d The 


6.—RELATION BETWEE 


13 Rainfall in Per Cent of Mean Raina T 
ay NN ToTAL SEASONAL RUN-OFF D | 


conditions ‘Prevail | on valley floors. . Bed- rock may by 


out of reach of growth and , therefore, must ground 


4 water plane. 


Be 


QN MOUNTAIN SLOPE 


| 


‘Alluvial Fil 


LOSSES BY FROM STREAME 


‘receivin seepage from the 


surface run- n-off and as 2 tule, they st suffer no percolation eae 
streams the reverse is the case, there being s substantial : seepage losses through | 


the sides and bottom of the stream bed (see Fig. 7(b) and 7(c)). ie. | 

Other: conditions being equal, physical conditions are, therefore, more 


favorable to the absorption of rainfall and d the conservation of seepage in 


‘Analysis of the ‘Rainfall-1 Run- 0; Ourve. —The run -off of a mountain water-— 
ed can readily be segregated into surface or storm run- -off and seepage or . 3 
run-off an analysis, of the daily, hydrograph and records of da ily 


Different 
di 
ent, undulating untain water-shed. 
BED IN ALLUVIAL qu 
if 
Fig 
: the more or less 
d, subsequently, is the source of 


Storm-water or off is that portion of the rainfall reaches a 

an and for a few days thereafter, and 
8 shows the total mountain run-off curve and : its segregation into storm 


| land seepage run-off for Devil Canyon i in the e Arrowhead water-shed north of San 


_ Bernardino and for which the rainfall of Squirrel Inn Station is characteristic. sie 


r he water-s -shed covers 6.3 ‘sq. miles ; is steep, granitic, , and covered with a dense ae 
growth of brush and trees. The profile shown in in Fig. 9 is also characteristic p 
of this water- shed. The total rainfall-run-off of Fi ‘ig. 8 is typical of mountai 


wa ter-sheds in general. . The difference between the 100% or total rainfall line 


stream bed on the surface eens a ‘storm an 


4 
an nd d the total run- -off curve represents the evapo-~ transpiration | losses, , or con- 
umptive use o of the cover. It is important, to note that a run- -off of | 2 in. 

‘ cours with | a seasonal rainfall of 22 in., leaving 20 in, consumed by y plant life 

and.e evaporation losses. 4 These losses inerease to a maximum as the 

run-off curve approaches a parallelism with t the rainfall line, the maximum 

| being about 30 in. Seepage run- -off, therefore, t takes place during years: of very” 

deficient rainfall, when the maximum demands of plant life and 

are only 62. 5% satisfied. ~Storm ru run- -off is apparently only a minor factor 

Devil Canyon 1 water- shed. . This i is illustrated by | Fig. 10, , which i is a ‘com- 

arison 1 of rainfall- storm run- n-off curves for water- “sheds i in th the San G: Gabriel 

i San Bernardino Ranges. 

777 off is a still smaller percentage of the total water crop unless the 

= forms to 


| ‘to valley, give for the reasons. 
n Central and Southern California, storms are of the cyclonic type; they 
4 


are general and visit valleys and mountains s simultaneously so that the numbe 
of storms and their relative intensity is correlated. ‘Broadly “speaking, 


mountain water-s -shed and adjacent valley area | bear the same index of 
_wetness* for any one ‘season. ‘The same quantity, of seasonal precipitation 

“may be produced i in the valley by a wet year and on ‘the mountain water-shed 
by a dry year, but the number and and tana of storms V will be quite different, 

to ‘the effect that the resulting ¥ ig water supply will be e larger for the vall ey. This” 
is ; illustrated in Fig. 11 | by a a comparison < of the relation: of acnsbnal. Sainfall 


to maximum storms for th » Valley of San Bernardino and the . Arrowhead 


ALS 


2 


| 


v4 


Mountain water-shed which is immediately to > the north. Rainfall at the , City 
of | an in Bernardino has been taken as representative of. ‘the valley and that. of | pe 


Squirrel Inn Station on the crest as representative of the mountain 


9 shows the topographical relation the rainfall ‘stations i the 


alley and ‘the Arrowhead water-shed. Fig. 1 11 shows the relation of seasona 
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The “index of wetness” is the percentage of the long-period mean. A seasonal rain- 
alt of 20 tm. would of, of 295 mean of 16 
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* 
of We Wetnéss ini in Per Cen 


©| Storm Runoff titty 


Gonsumptive Use of Cover) 


| 


- a 
‘Storm RUN- RUN- ‘FOR ‘Devin, CANYON IN WATER- SHED. 


retry. 


: 


ait ite 
pe 


AL 


1 
San Bernardino | in Miles 


PR FILE 0 ARROWHEAD 


— 


WATER SUPPLY FROM RAINFALL ‘ON VALLIY 


inorder 


"Bernardino one er 30 in. at Inn bars 


ay ig. 12 shows the relation of the indices of wetness to the maximum regen 
{ ia is apparent that in the mountains, as well as in the valley, heavy storms a 
hat oceur for seasonal rains below normal. — In Fig. i, the dashed line repre- 
sents the “maximum storm- rainfall curve’ for r the Arrowhead water- -shed near 


San Bernardino, to wich Devil Canyon. and Waterman belong. 


= at 


Fic. BETWEEN “Fie. OF INDEX OF 
SONAL RAINFALL | AND MAXIMUM ‘TO MAXIMUM STORMS. 


7 
baja 
ft 
Re. 


gues 


valley, from... Relation of... 


“Storms o of Valley and Mountain. Water- Sheds. as ‘inten- 


tS sity of storms is a governing» factor affecting penetration, as well as storm 


off, deductions from the rainfall- off curve of a “mountain watet-shed 
to the waled od supply of an n adjacent va valley area should take into consideration ‘4 


_ the relation of maximum § storms of equal magnitude, : at least as far as seasons — 
excessive rainfall are It i is 1 ‘not ‘unreasonable to assume that, 


toa rainfall of § 24 it in., cat San Bernardino and of in, on on the Arrow- 
h ead water-shed. The total run-off curve for. Devil Canyon, in the Arrowhead 7 
_water- ‘shed (see. Fig. gives, for a “in. ‘rainfall, a ‘run- -off of in ‘It 4 


be equal to, if not more than, Tin. 


For the purpose of here presented a determination of 
a: the water supply of San Bernardino Valley in the general vicinity of the City ys 


‘os of San Bernardino, from the known run-off of the water-sheds of Lytle Creek, = 


‘Waterman: Canyon, and Devil Canyon Creeks. These s streams are responsible 

for ‘the modern valley fill, San Bernardino. hey are o of granitic and 


schistose formation and. have a dense brush and tree cover. ‘The. Valley of 
San Bernardino is a sloping plain. and for the purpose. of ‘this ‘illustration. is. 


assumed. toh lave a ‘natural brush, cover. "The aracteristics of seasonal. rain- 


- fall and | the analysis of the storms of a wet season for the stations of San 
Bernardino, Devore, Squirrel _Inn—representing- valley, foothill, and 


t 


The determination i ist made along two distinet ines: First, on ‘the assump- 


mountains; and second, on the basis that the relation of rainfall to 
AS 
water-sheds, on 


1 
"seasons i in ish. storms were 7 10 in, and 12. 5 in., 


‘The: ‘rainfall- -run- n-off relations of. the three mountain -water- shede—Devil 


i 
W Vaterman Canyon, and 1 Lytle ‘Creek— are shown i in Fig. 6. Values 


for yr each water- ‘shed are expressed i in percentage of the long- period n mean rain 


e. It belongs to the Arrowhead water- ‘shed (see Fi ig. 11) ‘mean 


To simplify matters, the “Waterman Canyon run-off curve (Fig ig. is 


ssumed to represent the average run- -off conditions, and the’ Arrowhead water- 


18 WATER SUPPLY FROM RAINFALL ON VALLEY FLOORS 
A study of Figs. 9, 11, and 12, leads to the conclusion that, for equal'sea- § 
a. sonal rainfall, the valley receives storms of much greater intensity than the 4 i 
7 pe produce in the valley as large a water supply as in the mountains. It has bee: : a. 
re more inducive to deep penetration and less induciv 
| 
ay 
— 
3 
q 
— 
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WATER SUPPLY FROM. ON FLOORS 


TABLE 8.—SEAsonaL RAINFALL, IN | INCHES. 


AS 


‘San Bernardino 
_ Valley floor, 
Elevation | 1054. 


Devore foothills, 
_ Elevation 1990. 


: Squirrel Inn 


water-shed, Elevation 
200 


7 Hine 


Pag 
42.50 


—ANAl fF. Wer Year, 192 


ARMIN ET? 


TO 
16.15 
ou 


RAIN FALLING Ix STORMS OF: ia 

i Seasonal 

rainfall, 


inches. dn ss than 


Total at Devore.... 


008 6 


alt. wh 


34 


"Total a at Squirrel Inn. 


one 


4 


and its rainfall- ‘relations in n Figs. and 12) a are representa 


rainfall, | of mean 
in inches. rainfall. 


6 (b), the points marked ‘ ‘San Bernandino Valley” ‘correspond 


the values in ‘Column (8) of Table 10. These points might serve as the basis a 
or a water supply curve of the valley for wet years. ‘ealar® inet: ; 


Comparison of Evapo- Transportation Losses.*- —In general it 


a ssumed that the character and volume of water supply of a cou! try is reflected — 
in the ty) ty pe of its natural v vegetation. _ The water supply of a 5 bide shed i 


expressed by t the average seasonal rainfall or ‘the long- period mean. q 
rage water needs of the vegetation n sustained by this. mean should bear a 


| semi-arid country like Southern n California, with a pronounced. dry = 


more or or Tess fixed relation to the supply. of al “By 


and erratic fluctuations of ‘rainfall—not only» from day to 


- day, or - month to month, or. year r to year, but also over periods of years—a type — 
of vegetation is produced that is capable of living through a series of com- 5 
eso tah dry years as well as of f responding to a wet winter. x or a valley 


area like that at San Bernardino, with a seasonal supply varying rom gin 


to 26 in. and a an ‘average wot 16 in. (see Fig. 11), ‘the natural ve etation 


4 


= 


Inn 


he fl averages ‘about 42 in, minimum of 26 in. _and a a 


5 000 ft... produces chaparral as as 10 ft. and 1 pine ‘timber 
for its support a water "supply 0 of 25 to 30 in ee both instances the type = & 


a water- -sheds. have similar soil formation and are under like climatic con 


ditions, and under the régime | of the s same storms, itis 


WATER SUPPLY FROM RAINPALL ON VALLEY FLOORS 
shed curve to represent average relations between rainfall and maximum 
TABLE 10.—Run-Orr Dererminations, 1. | 
fhe : | Class B Voor: ‘= 
— 
: 
bee 
4 
— 
— a 


“concluded ‘at the relation 0 to their 
that for the. same 


season each water-shed will consume about the same its 


“supply. 2 The relation of seasonal rainfall to > consumptive use ‘is indicated 
“the rainfall-run-oft_ curve in ‘Fig. 6. then, for a series of neig 


Sails both the seasonal rainfall and the total run- -off—or its ‘complement 
the consumptive use—is expressed i in ‘percentage of ‘the long-period mean rain- — 


fall, the re resulting run- -off curves are reduced toa common basis and ‘should 


gs only assume the same shape, but should also fall close together. ae 
‘actually the ease for seven waters sheds, studied by the writer, is demon- 
strated by the man in Fig. 6. The characteristics of these water-sheds | are 


ad art ail: t te. ‘viand algae 


4 


i Mini- | Maxi- | i | 


San Gabriel 222, 0 10 080 0 granitic; some cliffs; flats of 


San Antonto 10 080 00 | 48.5 |Granitic; steep; absorbent detrital 
slopes; well wooded; flashy floods, 

also retatively good summer 


south fork. steep and barren with 
4 A floods; middle fork,steepand 
woode 


d, north fork (the main water 


Devil Canyon ay Granitic: steep; some old all 

steep; “heavy brush cover; 

| alders and sycamores in bed; no 

flats; but goo slopes at the 

Santa aus Canyon. ; $7.2. [Extensive flats and valleys 

3 | water-shed, slopes above flats are 

broken quartzite and schist which 
is very absorbent; upper water-shed 
to the east shows typical desert 
mountain forest; slopes generally 
well wooded; extensive meadows 

Steep; granitic; well forested; absorb 

ent broken schist in the upper arene 


ives snow above Blevation: 5 000 which, 


ot in wet years, is a factor that favors late run-off. — ‘Many have absorbent detrital 


_ The close relation of the run-off curves of these water-sheds, k both as to 


¥ oyt 


=e alignment. and position, particu larly t those of f similar characteristics, is strik 


i ng and supports the contention that the known rainfall- -run- off relation of a” 
say _ water- -shed will permit of deductions as. to this relation, not only of a  neighbor- 
ing ‘mountain water-shed, but also of a ‘valley | floor of kindred formation and 


the alt to a valley is to be considered that, wet 


ae. 
Papers.] FROM RAINFALL ON VALLEY FLOORS 
A 
4 
4 
q 
from available records for valley stations, : 
— 
4 
— 
— 
 @over. In the ¢ 
years, conditior 
- 


is not Vikely that any water will become available 
for indices of wetness less than 70, ‘because the rainfall of very dry years falls, 
in ‘light storms and consumed, ‘The character of the cover and its telative 


Another ‘solution for” the determination of the water supply of 
nardino Valley i is outlined i in ‘Examp le 2 
_Examp e 9.---Reference i is again Saws to the run-off curves o Fig. 6, i 
¢ which the Waterman Canyon curve presents a fair average for indices of wet- q 


ness greater than 100. proposed valley water supply curve, 
i 


be located near the Waterman Canyon curve. 


_ given to the points marked “San Bernardino Valley”, which were obtained in 


1 on the basis of ‘the storm relations. 


ve is governed | 


and for Class” B years, "20% of 12.9 in. The curves have 


drawn to follow the general alignment of _the mountain run- -off curves and — 


marked “Proposed for San Bernandino Valley ” (see Fig. 6). 


_ Compariso on of Storm Run-Of — The relation of seasonal rainfall to storm 


run-off, expressed i in percentage of the long- ‘period mean, is shown in Fig. 10. 


Santa Maria Creek, in San’ Diego County, has an average seasonal, rainfall, 
of 19.4 in, and is characterized by a fringe of low granitic n in 


comparatively flat valley of a ‘clayey, rather i impervious soil. 


data Fig. 6 demonstrate that storm: run-off is a minor factor, 


. 12, the valley floor will _ 


storm for ‘seasonal ‘rainfall below which would produce 
surface run-off. The zero point ‘of the valley storm run- off curve, therefore, 


oy - has been assumed at the 100% point; otherwise, it has been drawn parallel to 
the general alignment of the ‘mountain storm run-off curves. he water sup- 


ply. resulting from. rainfall on the valley floor of ‘San Bernardino Valley, as 
indicated by the. proposed curves in Figs. 6 and 10, is given in Table 12. ‘The re 


methods: presented permit of ‘modifications which 1 may_ be ¢ 


or RAINFALL PENETRATION F FROM. Test WELLS IN Pavsa. ‘Vauuey, 


Temecuta River, Riversiog County, Catirornia* ‘ai 
Quantitative determinations of deep penetration from. rainfall may be 
made from the rise of the water level in wells, _ With a water- table relatively 


close ‘to the surface, so. that intervening clay strata will not unduly interfere 


with percolation, the reaction on the water- -table from individual storms can 


be traced ot tone and may serve as a basis for computations of the quantit 


with ‘Williams, Assoc. M. Am. 
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/_—- + § zero point. For ordinary dry years the rainfall at San Bernardino is about § 
_the valley has a natural brush cover, the zero point has ; 7 
| 
A 
| 
aq 
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In 


Observations to ‘this « end, which were ‘made on abi fifty. test wells cove 


ing andrea of 400 acres in Pauba Valley, and the ‘ptialyais of the results, are 


believed to be of general interest. Incidentally, the volume of re water 


from irrigation was also determined for the same area. 
Pauba Valley is located on tl Temecula I River at an elevation of about 


ft. ‘above sea level | (see Fig. A). It has a width of mile to 1 mile anda 
length: of ‘more than 5 miles. The “average: rainfall is 15. 5 


minimum 6 in Dy and the maximum 24 in. — 


on which the observations were consist a 


a a top’ ‘stratum of either silt ¢ or yr sand ‘mixed with humus. The ‘adjoining mesa 


-dands rise about 200 ft. above the valley; they have a a gravelly clay loam soil and 


to the top soil of the bottom- lands. 


he following i is the log of a il: hole in’ the ‘Rotten: land 


Distance, in feet, i 


si 
.... Fine 
wath i 


s 


20 ft. 


tration of by or. 


Ww Te a large number of 2-1 -in. test wells were driven to depths of 20 ft., partes ‘i 


4 rated at the bottom. - These wells are located along lines marked G, F, ‘A, TL, 


b ? 
Fig. 4, and. cover an area of 420 acres. Well: observations were made, 


" California experienced a series of dry years the summer of 


1929 to April, 1926. An 8.75-i -in. storm in ‘April, 1926, produced - rainfall re 


In February, 1927, a storm of abnormal magnitude (14. 65 in. ), occurred 


was a sudden downpour of which : a large part ran off. . 
curves of well observations for 


1s and 


a storm) and the | approximate locatiéiy’ irrigation applications an 


‘The effect of a storm was. determined | y measuring the rise in. 


re- -established. The points of “measurement are ‘marked by light, dotted Jines 


- some time ; after the storm when the normal movement ‘(drop or rise) had been 


"> 


le 3 

‘Is q 
: 
ve 

; 
r- 

— 

parse send. 

snd is irrigated monthly 4 to 5 in. in depth, for 8 
| per year, a record of the water pth, for 8 months 
— 

to 

Be re given in Fig. 5, 
ts of the N line 
2. — 


rise due to run- -of, from mesa the other hand 


a compensatin; ‘run- -off away from ho ‘ehh 
—Warer FROM RAINFALL IN THE San BerNarpino EY. 


Lo: Available | Deep ‘Storm tt D0} 
rainfall, in 


ah Cha | B Years. — avery 


.50 ong 0.82 


5 

-80 


On the basis of an average rise of the water-plane | for the entire area, the 


curve Fi ig. 13 (a), was constructed, which shows. the 3 relation of intensity of 


storm to the quantity reaching the water- table. The total | effect of the 


sonal rainfall in 1926-27 of 23. 70 in. on an area of 420 acres, was estimated at 


“aches of ot Rta Reaching Ground Water 


‘Raintall in Inches - Rain Falling in Consecutive bys Seasonal Rainfall inches 


he relation of deep penetration to seasonal ‘yainfall was determi ed 
segregating the latter into storms. and applying the results to curve ‘in 
% Fig. 13 (a). 4 By this process the curve i 


on seasonal rainfall at (Elevation 1 1986), Elsinore (Slvation 200), 


= a 
eis 
labs. 
— 
— 


1 050), and the fluctuations of Pauba Valtey w ag 
Pa location: and | effect of irrigation applications is also ants shown in 5 


was determined in like manner as that from rainfall, the co nelu- 
sion being that the irrigation return waters over a large area planted 


alfalfa. and r receiving a 3. 5 acre- ft., 38. 4%, oF 


x 


For an alluvial valley fill of origin, the distribu rate 


. si penetration of f moisture from rainfall over large areas are essentially non- 
uniform and | percolation will concentrate | in numerous well- defined duets. 
Deep penetration may occur during years 3 of deficient rainfall when the 


maximum ‘consumptive use of the cover is not ‘satisfied ; particularly is | 
3 


Rainstorms in Southern are principally 


of the 


‘becomes available. 


water 
For like intensity 


cover and soil being similar). Given” ‘the relation of maximum 


‘sabia storms of mountains and v alley, deductions » may be made from the: 


run-off of a area to the available ‘supply of the 


0: There appears to 0 be 1 a more or leas fixed relation between 
fall of aw 
ly che same for kindred water- sheds of 


the consumptive use is only the complement to the run- -off, the rainfall-run-off 
relation of a mountain: -water-shed will permit of definite conclusions as to the 
_ water supply : from 1 local rainfall of its s adjacent recipient v valley area, if if these 


are reduced to a common basis and expressed in. percentage of the 
the valley floor is am minor factor, except for compact 


effect of ‘the maximum storm of a wet year 
tantial percentage of the rainfall on the valley floor ‘pedicinta' available, vary 
ing with the amount of wetness of the preceding season and 


the character of soil and | cover. 


The valley floor in the of Sin’ Bernardino has an mean 


16. 15 i in, and a ‘modern alluvial fill of crystalline origin n. Assuming a 
: brush | cover, the supply from over a period of 


Cee 
-ft. mile 


— 
— 
— 
a: 
q 
— 
of outstanding that is chiefly responsible for the water supply which a 
i a | rainfall, the intensity of the maximum storm of a season [im 
— than in the mountain water-shed and so is also the - 
the maximu seasonal storm, the water supply 
in the valley is approximately the same as that in the mountains 
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and, depth of below ‘the: ocean” ‘surface are given. 


formulas 1 may also, be applied to define the probable limits a 


ee Resvarehi: by the writers fails to reveal | any establ 


between the known or ‘pre- -determined factors surrounding an ocean 


fall outlet and the probable amount of dilution obtained at ete ocean surface 
over ‘the: outlet or of the probable spread of the field. In “many instances 


bacteriological surveys made of the area of ocean pollution ‘at sewer outlets 


ce have disclosed the extent of the permissible pollution to be far from what the eree , 
a anticipated. The predicted ‘area in’ such cases was based -largel 


upon an ‘ “acres- -per-second~ foot- of-sewage” factor used as a constant t rather than 
as a variable, dependent on the elements of design and conditions existing be i 


Health ‘standards, “as related ‘to’ shore waters along ocean beache 


the limits to which pollution of ‘such waters may be carried without creating 
menace to health or a public inconvenience. hese standards are often (cond 


to be maintained by frequent reconstruction of the ocean outlet ‘following 


quarantine of the adjacent shore waters. ‘By means of the formula presented 
herewith, an attempt is made to of doubt a 


4 onjecture regarding the probable : 
design of ocean outlets which will 


“structed prior to the expiration of their life 


/ -Nors.—Written discussion on this paper will be closed in September, 1929 
*/Asst. Chf. Engr., Los Angeles County Sanitation Dists., Los Angeles, Calif. 
wit Chf. Los Aanitetion, Dieta, , Los Angeles, . Calit. 
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PRE- DETERMINING OF § IN ‘SEA WATER: 


undertaking 


County Sanitation Districts on the California coast line, south of the 
City of Los Angeles. _ The i infor rmation and data assembled during the series ‘. 


: of experiments, and the formulas derived from the research 


wing notation h been used | in the Paper: 


area, in. square feet, of the -section of the column ¢ 


constant used in determining velocity i in the alii field. a 


‘git us 
ban L- = - length 1 of path between outlet and surface. _ 938 

= number of outlets. ods: fod to daqaly ‘ban 


P = thickness of sewage field. aniteb ot bail qqe od. cata Your 


Q: = quantity ‘of sewage or fresh water. 
= dilution factor, yor ult yd 


dilution factor at head of 


time, in seconds. to ‘eldadotq. oils ban’ 


U =. velocity. of ocean current. add Yo 0. ont 
* velocity of the f fresh- Ue, jet, or of diluted sewage in the sewage 


distance from: the outlet to the center of the rising 


fee column at any level, y, under consideration ; or ‘the horizontal 

distance from the center Bae ‘the rising column at the surface to 


of virtual ring the sewage e field | spreads, 


= horizontal distance from the outlet to. the center ‘of. the. rising 


column: at the (see Fig. 1). | 


= vertical distance from the outlet to the point in fhe 
column that is under 
= total depth of salt water above the outlet. | : 


‘Barty OseRvations OF THE BEHAVIOR OF 


From preliminary studies and minor experiments with small colored fresh- 


following behavior v was indicated. | 


water jets about } in. in diameter, discharging less than 4 gal. per min. in | ‘ 


mit 


stil 
and 
7 bog F 
— 
E = horizontal distance from the center of the risi1 
the 
fron 
the 
“at 
fac 


SEA WATER 


resting at the surface of the water rand 3 its apex at the poin 
Repeated trials hs that the cone was uniformly ¢ constant in dimension Beet: 


and appearance for like conditions of 
From a jet of fresh water discharged horizontally the 


the salt water the path of the fresh water. appeared to _ approximate that of | 
a projectile, except. that it curved upward and was ‘retarded by the turmoil | 


ate ei by the billowing of the f fresh water in the same manner as smoke 
billowing from a stack. A nozzle was fixed at a , depth ‘such that, when the jet 
| was: discharged vertically ‘upward, it. just reached and broke the surface of 


the salt water. r. The writers demonstrated ‘that: the same quantity of water 


from the ‘same nozzle, discharged horizontally at the same depth would not 


reach and break the surface of of the salt water as a ‘well- -defined jet . This 
indicated that, other ‘conditions being equal, the absorption of sea water 


into the sewage—or the degree of intermingling of the two waters— was “greater 
for a horizontal than for a vertical discharge outlet, 


With ‘the jet ee vertically ownward, the path of fresh 1 
the of an inverted fountain with | the head fluctuating or varying 


fresh water all to one side of 


a vertical ‘discharge ine, it quite so concentrated 


in color and for a like amount of discharge presented a somewhat larger ring 
as it broke the surface. For ¢ Jet inclined 45° upward, conditions 


rh) 
A cap the form of a funnel with the spout closed, was lowered over 
the. vertical jet until ‘the edge of the funnel, was below the po t of outlet. 


Ake 


‘The fresh water then gave the appearance of passing over an weir, 
‘the upward path from tk the edges of the weir being abont th the same form as the ~ 


rising column from a vertical ‘but with ‘greater diffusion ‘of fresh water 


‘into salt w ater and a larger: field where the fresh water broke the surface of. 

The observation of the > behavior of the streams of fresh water from 
jets in the salt w rate er formed the basis for the design o of an appara-_ 


oo to be used in the subsequent studies. It was determined from these meager 


observations that. it would be necessary to be able to measure actual dilution 
the surface, as produced under varying conditions of. depth, quantity 


‘The first observations were made in tubs of salt water and in the quiet — 


lagoons at Alamitos Bay, California. indicated little that 


_clusive because no method was provided for measuring the value of the dilution 


factor at the time the stream reached the surface of the salt water or during 
_ its spread over t at surface. eave rie 


08 as seen to rise very much in the 
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hosen for the onclusion was a basin 

n Los Angeles Harbor about 2 acres ‘in extent, protected on two sides by land 
ion-of ‘a | gs vine CELE 


‘kt with the exception-o small entrance, on the other two ‘sides by fairly 
_ tight sheeted wharves. | Few steamers passed the entrance, and ‘the only other 


- disturbance due to wave action was occasioned by ‘fishing boats and yachts 


brought into. the basin for repairs. Equipment ‘was mounted o m a large 
moored i in | the basin which permitted the “experiments to “be 


with 9 ft. p pe sible at at “all tines. arrangement is is shown in Fig 


d 


Raft 


Water Line | 
‘ 


4 


fr tank (a 50- gal. oil 
raft; could be discharged through a 1}- ft. 
long. ‘Pipe couplings, nipples, ‘and reducers, could be attached to the 
the hose, permitting discharge through varying sizes of ‘nozzles, which 


ordinary pipe nipples ri ranging from in. to 14> in. in inside diameter 
few experiments were performed with 14- -in. and 2-i -in. “nozzles, with a 
‘section of 24-in. fire hose as a ‘discharge line. The permanent end 


eee hose was attached to a l-in. by 6-in. board , 16 ft. long, which could | 


be ‘clamped an upright post on the raft” with the nozzle at a ny ‘desired 


- Flow ‘from the drum was contyolled by a globe valve located about a foot” 


below the lowest elevation of the drum. Thus, the variation in flow du é to 


iid change in head, a: as the drum emptied, was minimized. As a check on ‘the, 
"uniformity of flow a gauge glass ae placed in the line below the valve, and 


was k ible, at adjusting the valve 


ept, as nearly as possi ‘at a constant head by y 


The drum “was carefully | and the rate of flow during any 


“determined by measuring the quantity ‘of water discharged 


erimen "te Time was measured to the nearest ‘second a and t¢ 
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fuid surface drop in the tank was indicated by the fall in a gauge glass in 
the outlet just above the globe valve. ok 


irly Eosine Y was introduced it into the fresh. water as a coloring. agency, the 
ther proportions: being about . grain per gal. for shallow- water experiments when | 


resulting low values of S were to be ‘measured and as much as | >, ) grains per 


gall. for either deeper experiments or those in which the field spread d was to 


The value of at any time was diluting with sea water a 
measured sample of the tank fluid until it compared in color with the sample - 


taken from the sewage field. Thus, ‘if 10 cu. em, of the fluid taken from — 
the tank were diluted until it ‘matched i in color a sample taken from the jet 


or field and the samp e was. then found to contain 120 cu. em. of combined | 
colored fresh water ‘sea water, the resulting Ss was okt 
were compared i in oil- sample bottles, in, in 


by indirectly ‘the bottle axis. It was found 
that differences in dilution | could. be measured in this manner. to a value of 


150 for. with a probable error of, about 4 per cent. cial at 
Conditions below -the surface, shows which marked the plane. 


te the clear salt- -water and the ¢ colored fresh-water field, were _investi- ‘i 


» 


gated by right- -angle reflection. apparatus consisted of an upright 
oblong box closed at the bottom and open at the top. One side of the box 
‘ii 

fitted with a glass pane, and a was set in the bottom at angle 


‘The possibilities of uch | 

“7 
| the 


minimum | error, a double jet was at times on 


n nozzle. consisted of a “tee” and the two jets discharged horizontally 3 


jeter. in opposite directions. The distance between the centers of the two. ) rising 
| columns was measured a the surface; from this was subtracted the ‘distance “ 
ling 7 between the | two nozzle ends and the remainder was divided by 2, giving» 
ould the “required distance without to variation i in 1 the 2 which 
some was the same for both jets. Interference between two rising columns below 


the surface and the spread of a was investigated with 


apparatus ‘slightly modified. 
of the field on ‘the surface determined by obs 


d along a plank cantilevered . over ‘the v 
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to so diluted on reaching water surface samples 


In. the. outfall ‘the salt content of each sample was 


titrating cu. cm. ocean with ere 2 cu. em. of of the sam les | 
1p! 


was then. titrated in. the’: Same manner and when there was sufficient salt. 


vin the raw. sewage | to ‘effect it also. titrated. _ By this means values 


of S up to 35 vor 40 could be determined with 


To determine the thickness of a sewage field the difference in, electrical 
conductivity of sea water and diluted sewage was noted with a Wheatstone 
bridge. _ The galvanometer was adjusted \ with the electrodes on both arms of 

the bridge immersed in clear salt water well below the layer | of sewage. On 


raising: one arm of the bridge the galvanometer would give a kick as as the elec: 


trodes entered the diluted sewage. ‘A dilution of 25 could be e detected i in ‘this 


ae It was apparent that” there were fewer { factors affecting ‘the dilution’ from 


vertical j jets than from other types, so they were studied first. A series of 223 
observations ° was made at depths - ranging from 1.2'to 10.5 ft. and usin; ng in., 


-in., 3-in., 1-in., and 13- in. nozzles. The number of experiments at various 


for each size of outlet are shown in Table 


ign TABLE 1 | OF on Verticat Jers. 


of 


4 j — 

of ‘If fon any fixed depth the results of each experiment are > plotted with values 


of Q, in gallons per minute, as ordinates sand § So as the of the 


= 
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&g namely, those at Los Angeles Hyperion Outfall, Long Beach, Santa Monica, - 
sews 
lig 
The 
unit 
isa 
en 
— 32 
Depth, in f 
5 
4.500) 
by. 
At 
0 Be ozzles. Subsequent comparison § 
results the existing Long Beach Outfall while 3000 gal. per min. of § 


sewage was being discharged ata ) depth of 9; 5 ft. vend here the resulting S, 
was small, showed that the equation took the form: 
to evi on? to 1) Qoer (y). 


The fact tor (S, — is used instead of the factor, S, der to ‘the 

) ® anomalous case arising from the discharge of a large quantity of sewage at 

aples 


me | less than 
unity, 


alucs (S, — — 1) in dicates ‘the number of units of water anit’ of 

Bisa logical reason for its use. 
: In Fig. 2 results are plotted at the three: depths at which ‘the number : 
stone of experiments were e taken, and the.result. of the experiment described at Long 


° 
3 
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TRS 


; 50 080680 1000 300 
Q= = Flow of Sewage in Gallons per Minute 
Fie. DILUTION QUANTITY AT 
type of is complicated by the fact that the rising column 


illows a curve similar to the path of a projectile, except that it curved upward. 

The direction of the path i is modified by t the inertia of the salt water picked up 

by the r rising column, the tendency being to reduce its horizontal component. 

A total of 388 experiments was” “made, using horizontal, jets, the. numbers at 


each depth, with different sizes | of nozzles, being shown i in Table 2. ms 


a. It was apparent from the beginning that the. value of S, was greater from 
horizontal jets than from the vertical, other conditions bitin’ equal, and thi 


group’ of experiments” ‘indicated that for this be 


elec: ™ tal bohoings ident ie — 
values 
of the 
— 
| 


first requisite, in the > solution of Equation (3) w 


surface. length is, in turn, dependent on the. equation of the curve 


of the rising ¢¢ column. In order to avoid, as far as possible, error intro-| 
duced by lateral currents in the sea water, the horizontal co- -ordinate, X, was 


meesured with the use of the double nozzle heretofore deseri Sana : 


OF On BSERVATIONS ON HorizonTaL Jers. 


— 
Total number 


| 


, 
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it 


Comparison « of results using different - - quantities f 
nozzle rom ata constant nt depth lead to thé relationshiy 


Ep endl the values of K obtained at various depths for one size 0 nozzle, 


F Furthermore, , comparing z the values of B for nozzles of different sizes, indi- 


cates that it has a in the equation a 


ei Values of L+ 3 


hich i is a cubical parabola with the origin at the nozzle. 


‘The formula for ‘the: length of. this is. too cun 


practice, | bat the two ‘following, approximations will gi 


sufficient a 


_ 
— 
oma given size of 
| 
(| 
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‘wold al = x) 1 40.9 OVD lia. ‘ 

The exact formula and the two (Equations (8) and. (9)) 

were developed by | Mr. Gordon Ward, of the (Oslitprnis, Institute of Technology a 


or Diution, By ‘Lenora OF Pith 


"Equation for vertical jets becomes identical to Equation 


“horizontal jets if L is substituted for y A ‘value for f () was computed for 

each horizontal and vertical experiment by “means of Equation (3) a was 


- plotted with f (ZL) | as the abscissa and L as the ordinate. 4 In Fig. 3 the oes 

of all values for f (L) for any one depth were averaged, and the resultant was 

plo otted as a single point on the curve. With horizontal jets the length of path 


being: a complex function of the depth and ‘Velocity, ‘it was 

yi 

etermine 

‘Therefore, instead of the observations being into groups of 


single lengths as with vertical jet experiments, they were averaged within | 

narrow range ‘of L values. % All values within a range of 0. 5 tw were ‘combined 
e in order to determine the average. — The values for Santa Monica and Hyperion 


zn were not averaged, | but were plotted directly ; those for Long Beach and grain 
th 
Barbara were the resultant averages pereral groups of experiment Be 
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B-DETERMININ EXTENT OF SEWAGE F 


In some cases outfall pipes are carried on wharves and the pipe is ‘clamped F 


ee pile s s0 as to discharge the jet downward some distance below the surface 


Set the water. The fresh’ water then acts in a manner similar to an inverted 
fountain and the distance to which the water flows downward before turning 


up, is ‘approximately 05 Ve This distance i ‘is only approximate because the 
called inverted fountain is very unstable, the “head” constantly descending 
and rising. | At Santa Monica, where this system of discharge is used, it Was” 


noted that the sewage came to the surface in waves, the flow at times dimost 


followed by a “crest” when a large quantity would boil up. 


The resulting dilution i is apparently that due to the total Tength of path 


Her Crit: 


oss end of the outlet down to the turning point and back to the surface, 
but in fairly ; large outlets it is probable that little dilution occurs on the down- 


ard path, so that the effective length would the bottom of 


ae! 


= 


downward jet to the surface. _ 


oli bot JETS. Disowararnc Upwarp aT 45 soit 


Experiments were conducted with: jets discharging 45° ; ‘from the 
and the results indicated that the length o of p ath, L, was the mean of th he 

lengths for ‘vertical and horizontal jets, ‘oth conditions being “equal. No 


formula i is Siven for this case. How ever, it appears that the mean of vertical 
Be 

ontal formulas will tidfeate’ 2 the v lue » for 8, for inelined jets w within 3 


surface was ménsured to ‘the nearest second; furthermore , the diameter of, the 


‘was measured just as it reached the surface and before the field began 


to spread. This wi was somewhat indefinite as the column of _water, , billowing 
upward, was not exactly round, ‘and it was difficult to determine a mean dia- 
ie meter as it broke the surface of the salt water. i The average of a large = 
of observations, “however, indicated this dimension’ to one- 
third the length of the path, (See. Fi ig. 
at i In the. case of a vertical jet the 
Si and the velocity at that level is, ais 


wo 
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: co = which, Q is measured in gallons per minute. For large discharges it is ake 
to measure Q in cubic feet per second in which case the late 
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risin - demonstrated that the observed time was approximately 0.6 of the calcu- 


3 lated time, »A too reat and 
al diameter of the column w as more pout 4, for vertica jets, o 

aha 


By virtual diameter ie the diameter of a theoretical ‘column with 
uniform velocity at all points in any given of such size 


hat the time of r rise will be equal to the » observed time. | 
outer parts of the column contain rolling water with an ard 


slow as the | center of the 


rd velocity 


the of e column. The importimes ‘af this f 
varies inversely: with the depth of d discharge below the water surface. bist 


bas dt THICKNESS oF THE SEWAGE 
the dilu he reaches and breaks the surface 
t in all irections | over the 


g heavier salt water. - The plane of contact between the salt water and the lighter 3 


tendency of the two fluids to. The many observations 


3 eons constant over the entire apparent field (see Fig. Ada "Measurements. 
~ of the thickness of the fields at the Long ] Beach and Los Angeles Outfalls con 


As the column of sewage rises. and mixes with salt water, the velocity of the — 


Pad 


particles, is ‘progressively retarded cand the straight line : motion is converted — 


_ into a rolling motion similar to a large column of smoke, the rolling masses _ 


gradually becoming larger until, they reach the center ¢ of the column. a On 


account of this motion of the masses there is no abrupt. change i in the direction 


_. The vertical velocity ai at the top of the rising column i is, ol ‘blot oe 


i 


In still water the ak of the annular cross- section, 4, of the ‘fi eld at a any 


‘distance ‘less than from 
represented by the form 


although. the. center of the masses will. change direction, 
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t eral velocity at the the head of the ing sia will be represented b 


‘ment. in the rising column to horizontal movement: « as the field spreads, by 


Equation (13) and Equation (15), matin. 


*- sot indicates that the observed velocity of the horizontal motion i in the 
a field spread is less than the theoretical value, the latter being determined nde 
assuming no loss in "energy as vertical motion is changed to horizontal. 
Increased turbulence at the column head indicates energy” loss at that point, 
and it is believed that the ratio, 12 : 16, may | be fairly representative of such 


aut “Therefore the value for P i is assumed to be | (see ig. 


As the fresh water spreads the dilution but since the 


is ‘much less than in the rising column the rate of dilution diminishes cor-— 
ei: respondingly. wi was observed | that the colored fresh water moved over 


salt water in el concentric waves, each wave being followed 1 by an interval of 


app: ntly clear salt. water. These w waves s continued for. some ‘distance from 
= head of the rising column, and gradually merged to form a field of uniform 


color. This fact is noted to illustrate the difficulty of s securing a single 1 repre- 
sentative sample. — Those taken from the same location in the field at different 
imes, other conditions being equal, indicated that the dilution remained 


constant, within the limits of error of observation, ‘at that location. 


‘ade v vith a view t 


"Experiments made wi view to ‘obtaining the: progressive in 


: ~ dilution : from the head | of the 1 rising ‘column to the edge e of the | ‘apparent field, 


acy Wet 
did not yield results that were as 8 consistent ‘as ‘those indicating the dilution 


over the rising columns. This was ‘probably. due to the manner in which the 
sewage left the column head in “waves. — However, such experiments did show ow 
Progressi e increase in dilution as the distance from the head increased, and = 


the time the. sewage to travel a given distance was exceedingly’ 

«4 

ter was found to e expressed by the 

+ 
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To 8 rising column is 2 X, = —., and the “Di 
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eld, 
tion 


Different 


Equatin this value to Equation (18) and twansy terms : 


cad of the coh trom 
= H these values in Equation (20), 


and substituting value for F in Equation am, 


ud ‘Observations existing fields a indiath tha 


‘However, the use of this value pois tot 


in Equation (22) is recommended. j 


Ina confined channel with approximately the cross- -section of 


_ the field can increase only by thickening. if ‘The kinetic energy cannot increase 


and,” therefore, as the velocity ‘decreases’ with the i increasing dilution, | ‘it is 


evident tha the field must and, as soon as” the ‘thickness equals the 


depth of the water in the channel, ‘no further dilution is possible. It is evi- 


mre 


dent, therefore, that a constricted channel makes a poor location tos a pie 


outlet, ‘and where it is the only available location the initial dilution should = 


me currents are. nearly always present in the ocean, and in order to “ 


their effect on the field it is to consider the velocity. of 


spreading. — The two particularly important considerations are the distance 


the field will travel directly against an ocean current and the distance it will 


travel directly with the current, until a certain value of Si is ‘attained. 
‘The maximum distance the e sewage will travel ‘against: the current can be 


in which, 2” equals the distance the ocean n current will travel in time, 4, at a 


U, ¢ e is the maximum 1 distance from the ‘the column head 


ing a ring is Q S and the a 
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mce & a 
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orm 
rent 
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against tl e oce n e rrent. 
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Substituting of x and x from Equations (25), and (26) 1 in Equation 


expressed by the 


 Muruau INTERFERENCE FROM Outier 
_ The theor has been advanced i in ‘the | past, and incorporated into the actual 


design and construction of nur numerous ocean outlets, that, other conditions being 


equal, the use of multiple outlets i is advantageous. 
ea inspection of 1 Equation (10) for S, would indicate that such an assump- 


9 


, for a given depth, is greater than 
f 3, a 7 and ‘the distance that sewage must travel to attain a 


ig 
definite value for Si isa of Jonunde bonitavs 


Interference Between Rising Columns Below the Salt-Water 


t Sits 
Two. vertical outlets were attached to ‘the. “discharge. hose so as t 


oOo perm 


simultaneous ‘discharge from both at equal depth and at constant 


between centers of risi ing columns. ‘As | long as the depth of discharge below 
the surface was less than three times the distance between the two outlets, the 
observed and calculated values of S, were the same. However, when the depth | 


discharge below the surface exceeded three times" the distance between. the 


outlets, the two rising columns interfered below the salt-water surface, 

ecreasing the area of the columns in contact with pure salt. water. “This 


resulted in ‘the ‘observed value for 8, ‘being less than the ‘heoretioal ‘for each | 


column ‘alone. At extreme depths, ‘whate the ratio of depth to distance between 


center: was great, the observed values approached ‘the theoretical alge, 

outlet discharging the combined flow of the two. 

reler As series of experiments was performed i in which a. 
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: path. of each was shortened, and the two columns mingled shortly after dis 
charge and rose together : asa single vertical column. rite 

Six slots, 1 by 1- in., we: were cut in the a can, which was inverted and 


halle 


in rising, the resulting observed value fos B was 8 that due to yeah small stream 
alone; ‘but after interference became effective, at greater depths, the advanta 


ot! Under the circumstances, very little horizontal velocity, was imparted to the | 
‘ fresh water flowing through the orifices, the fresh water escaping | as if it vonial 


flowing | over “inverted “weirs with an acceleration ‘due! to’ the: difference the 


ecific gravity of the two fluids equal to. 4 suk bi ivibad ‘ai Yo 


“nozile, except that, in this instance, no 


‘Under: these circumstances the fresh water rose in the form of a hollow column, — 
“all the dilution taking place on the outer surface thereof. As the depth 0 


"discharge w was ‘increased the ratio of the observed value of S, , with the diffuser, 


“to the calculated value without the. diffuser , decreased from. 15 at a of 


ft. to 1.8 at 6 ft. and 1.08 at 10 ft. 
(te M erging of Fields. —Ordinarily, when multiple outlets 


ill “mnerge a comparatively’ short distance from the rising columns. The merg- 


ing of the. individual fields may result i ina ‘thickening of ‘the major field, an 


increased lateral velocity. of spread, or a combination of both. The 
data indicate that the increased lateral predominates, 
As probably some thickening of the major field. 
| ‘In calm water, , with n no 
number of individual fields each corresponding i in to a 


f the ‘circular area of ‘the major field with the column head near the apex. 


The e condition 1 obtaining in each individual field, u under such a circumstance, “id 


roughly reproduced by discharging a jet from horizontal nozzle close 
5 the surface, thereby imparting to the field a horizontal velocity in the direc- 


tion in which the field would normally expand if its natural spread were later 


Tn Equation (22), the likewise doubles the value of 
it (3 ) re constant. foregtiag | experiment the field was 
roughly end, x represented the | Under 


| — US 


of ‘spread, without currents present, will | represent the radius. follows 


“therefore, that since the diameter of the field in the experiment was) about 
twice the radius of, the. normal, field | the 
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more distorted , approaching the shape of ci cular sector the ow ption ‘of 
equiva reas would still hold. ‘Results of investigations at the Hyperion 


The rea of the 1 major field, from such conclusions, will be n times the area. 
each individual field and its radius, or the distance the sewage will travel | 


calm water is obtained from the value of x ‘in Equation (22), thus, cciPil 4 

= « n. eevee 


Equations (30) ond (61) into Equation (82): 
Xo 


m Equation (17 the tials to the? limit 0 


found that w water is wind’ or wave 
a difference of 2.5° Fahr.* in its temperature is to cause stratifica-_ 
ae tion. The equivalent of this s difference i is shown. in Fig. 4, in which tempera- 


ture of sea water is against the specific the sewage 


er to the 


=, Dele indicates that if 8 i is less than 105 the mixture will tend to come to 
the: surface. . Actual experiment ‘shows, however, that mixtures with a much 
higher value of will come to the surface, probably assisted by the inertia 
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After reaching the surface the lighter fluid over the 
they and its ‘tendency to remain stratified is exceedingly persistent. Oceano 
evidences of stratification in clear sea water are’ common in 


where changes i in specific gravity a are Observations have 


oF QOS 


Gravity =( 


“Specific Gravity 
It is concluded, therefore,. that the. ‘sewage field may expected 
thicken before it has traveled” ‘such a distance from the column head is 


_ needed to obtain a value in excess of 100 for ‘8. _ The probable tendency will. 
be for the retell remain n distinetly stratified until a value of 8 =! 200, or 


oki dad ong 


Wind | ind wave action or other disturbance i pari the mingling of the 


F thin sheet of sewage with the sea water and will have a pronounced effect, ro > 

the breaking up of ‘stratification; ‘therefore, the most ‘Pronounced apparent 


fields will be observed during the ‘of greatest calm. TOTS: 


In bacteriological surveys conducted about the Los” Angeles ‘City ‘Outfall 
t Hyperion, a count of not to ai B. Coli ‘per ‘eu. em. of 


well for ba ctérial and it is prob- 


able | hat the sea water exercises ‘a bactericidal effect on the sewage. Lore artist 
be apparent that a presumptive: count of 60 000 00+ B. Coli per cu. om. pred ‘sewage 


cannot be reduced to 10 per ‘eu. cm. of | sewage ge and sea wate 


We A 
— 
area 
‘avel the upper stratum, the layers thus being in a state of unstable equilibrium. _ 
Bit ry remain so until disturbed sufficiently to cause a re-adjustment to stability - 
the heavier water at its proper level. off baa “1978 
Hin pecitic 
< | By 
| 
+4 
| 
— 
| _ ‘wiiter and the dilute sewage are so nearly alike as to tend to merge, causin og gq 
_fiel 
sto 4 Equation (22) to the actual sewage field as found at Hyperion indicates that a ae a 
rtia 


= 


+t ickens materially, reducing the lateral increasing the dilution, 


accelerating the bactericidal possibilities of the sea water and that, therefore, 
the place at which stratification breaks down marks approximately. the outer, 
limits of t the field: This limit may be some distance beyond that place, how. 


and the actual value of S at its limits is much greater tha: 
ould indicate at such location. | For practical purposes, however, ‘it is 


considered sufficient to neglect, this thickening and Equation (22) on 
the assumption that 8 equals : from 200 to 225. $ 6 


25 50 75 100 200, 250 300. 


» od FIG. BETWEEN DILUTION AND 


lowing the assumption that the field stratification breaks 
es eal for S of 200+, care should be taken to provide sufficient depth of water 


the field limit. to permit of material field. thickening; that is, the 


1 to CORROBORATION AND Correction rrom Resvurs 


Reference e to Fig. 3 indicates. that the upper limit Curve follows, 
within reasonable limits, the results obtained by ‘measuring the actual value of 
obtained at four existing California outfall sewers. a 
sini dt Long Beach, the ocean outfall consists of a 36-in. cast- -iron pipe extend- 
ing 850 ft. seaward along Se cea bed and discharging 8. 5 ft. below mean 


sea, level through a vertical riser. * The flow of sewage is continuous and dur- 


Ing. the: series of ex] experiments ‘it va aried from 6.7. to 105 cu. per sec. The 
point of discharge is. located in exceedingly. « calm water er an d conditions over 


by 42- ia. Catalina Island outfall’ into ft. sea water because, 
of adjacent shore pollution. ; 


ING EXTENT OF SEWAGE FIBLD IN SEA 
d as is usually found in sbacterio- this 
— in so short a distance f ab, bod iterte Pedr 
surveys... 
the & 
‘ing 
t 
= 
me 
fie 
x 
&g 


were performed, than at other outfall site investigated. 

At Santa Monica, the ocean outfall consists of a 24-in . pipe supported by — 
the Santa Monica Pleasure Pier.* At the end of the } pier it discharges ‘vertié 
ally. downward through a 20-in. pipe to a depth of 13.4 ft. below mean ‘water 
level. During the period of observation, m. 5 cu. ft. per sec. was flowing, result- 
ing in a velocity. through the down ] pipe of 4 ft. per r sec. and for the stage of 
the tide at that time, a value of bol iia Bes 


— 


+4 


At Santa Barbara, sewage is discharged from a ‘pumping station t an 
—42-in . reinforeed ¢ concrete pipe laid in the. ocean bed, the direction of aide: 


‘the sewage | 2 BT below méan n water level. The flow is intermittent ; with 0 one. 
‘pump in operation 10.87 cu. ft. per sec. is ‘discharged while with two, the _* ae 


able to ‘etapty the sump in valiant 4 min., and the interval between pumpin 

‘Hyperion, the 0: City of Los Angeles has constructed a 7- fore 
-conerete outfall extending 5 300. ft. seaward from the shore line and 1 terminat- 


ing a Y, with branches 320 ‘ft. and 108 ft. long, respectively. This Yu was 


constructed at. the end of the outfall to divide 1 the flow of f sewage into two rn 


streams of equal Each leg terminates in an upward riser so that 
sewage i is discharged vertically upw ard. 


On ‘September 29, 1926, the City of Long Beach, in co- operation with the 
“California State Board of Health, , conducted a a bacteriological survey, to deter- 


“mine the extent of the polluted area surrounding the ocean outfall. . The extent 3 
aha the field was assumed by a limiting count of. 10 B. Coli. per cu. cm 1. of se se 
water ‘sample and was found to comprise 507 acres, ‘The maximum ‘sewage 


flow during the survey amounted. to about 10. 5 cu. ft, per sec,; or a deleted pi 


“area 0} of 48.3 acres per cu. ft, per sec. of sewage discharged. ‘ In this value of 


maximum w was 15. 3 ¢ fe ger sec, ‘low was computed measuzing head loss 


in passing a Republic. flow, “meter isk, the recording apparatus being out of oa 


Equations (1) to (35) are to ‘the of the sine, 


field far too large and one in which bacteriological destruction would occur 


: long before the calculated outer limit of the field at S = 200 would be reached. cs i : 


_ Furthermore, they would ‘indicate t that a very thin | layer of mixed w vater would 


have t to maintain itself as an independent stratum for ‘for « a period extending into 


| Influenced by the tidal currents into | and ‘out the Long Beach Inner 


- Harbor Entrance, sewage from t the Long Beach Outfall would reach the | outer 

_ limits of the. actual field, a as found, in 4 to 6 3 hours, 
At the same. time that the City of Long Beach was conducting t the bacter- 

iological survey the writers a ‘separate survey of dilutions and surface 


- velocities ‘within a radius of 200 ft. of the outlet. The sewage is ‘discharged — 


* To be replaced in 1929 by connection | to Los Angeles City System because of adjac 
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RMINING EXTENT OF SEWAGE FIELD IN SEA WATER 
erlo- 
— 

> 
field 

and 

— 

~ 
10W- 

ri 
tion 
it is 

— 

i i 
it 

af 

a | 
ter 
the 
be 
— 
— 
ws, 
of 
nd- 
an 

‘he 
4 
use 
— 


the two breakwaters which protect the Inner. Harbor Entrance and 


ast of the channel into. the Inner Harbor; it is, 


ject) of the dilution were made in ‘thr 


- directions a the column head, from which it was found that the 


was 2.8 x° 0. 58 2° , and 2. 5 j in the respective lines of travel 
for 


rences were due to. the effect of the eddy current. j Substitute in 


1.2.25 and n= A; then, 


and 2.8. applying the s same in Equation (83), 


found ‘to be. equal to 2. 6 which 2. the limits of error 


which the flow o of sewage left the head. This was made by 


the time required for r chips o of wood to float past fixed points in one direction | 

from the outlet. The « observations the formula, = 08 which, b 


y 


q 


| 


ie The field thickness, P, ied" obtained by first combining Equations (19) 


and (36) and then ‘substituting the known values, Q - = 143 and § = 12 2° 0, 


For = 15 ft., the value of P is found to be 0.42 ft. and for = 200° ft. 
0.86 ‘ft. Assuming 
the as in 1 float measurements, “he field at 4 f 
‘becomes 0.53 ft. as compared to 0. 15 ft. obtained from Equation (16). 4 This 


observation of field thickness is noted” for the purpose of illustrating | the | 


‘Twice each’ year the City of Angeles conducts a bacteriological 
y ' the vicinity ‘of its ocean outfall at Hyperion, which i is intended to determine 


Ser 


he area of ocean pollution. Owing to the fact that shortly after the construe- 


tion of the outfall numerous leaks of considerable magnitude appeared | at the 


ie joints between concrete pipe sections and that the leaks were not repaired until — 


about April, 1927, there are only five of the surveys Which interpret conditions a 
as ‘they should exist with the s sewage discharge | confined to definite, known out 4 


lets at or near the seaward end. on rf, ted: 


feet per cubic foot area, 
field, in of outlets.|. infeet. | 


10.5 
4 1104 A je 15 
ee Table 3 are the results of these five surveys, together with the theoretical — 
8 results supplied by application of Equations (1) to (35) to conditions : as they 
‘ existed on the dates of the s survey. 2B 
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GE ‘FIELD I WAT ER 
The comparison of the field "gales in each case (see T abhi 3) is ‘made on 
the assumption t that the value of Xo is alike in each case, that correct 


within the reasonable limits of ‘error, and that. the « outer boundary ‘of each field 


: is fixed by a value of S= 


dikition, nis indi¢ated by a comparison of thes 


three fields with each other and with those at Long Beach. . _ Between February 
or March, April, 1927, j the line leaked badly and could teadily be 


survey cor ‘during this period indicated a area of 


tion per seco d-foot of than is shown by any one of the five surveys 
in Boston, about 1920* the sewage from a 


population of 700 000 was discharged horizontally in 30 ft. of water th fe ough | 


eS. fourteen n rectangular outlets, 18 by 30 in. _ in size, distributed through a distance 
§ of 120 ft. a _ Observations showed that the value of S, was ‘21 and that 300 ft 


away. from. the outfall, Pipe, not, be. Severa 


. per sec., through teach corre 
fength of ‘path should be 36 ft. and, assuming that the outlets are 


arranged i in pairs discharging in opposite directions so so 0 that rising columns do 


ot interfere, S, = 19 theoretically. Fora 300, S = 212, 
2 100 ft. and the field area, 817 acres, or 2.94 acres went sec- correspond- 

to a field limited by the s same conditions of final dilution as the observed 
‘field at Hyperion.» If the observed value (S,_ = 21). of the initial dilution 


used, the field limit, where 212, is found to be at x =1 15 and 


to (85) indicate a field on the of 


™ 


q 4 Bw The probable error in the value of ay as Saelas from several of th 
"vertical observations at constant dept , amounts sto approximately 4 per cent. 


ye 


4 y V2, making the 


Since x, 
tional to the square of the initial dilution, ‘it is ‘subject is an error of 12%, 


and the area of the field to an error of 25 per cent, _ Therefore while so ‘much © ke 


its. value, and 
it can be found from Fig. 5 within the limits | 


All the experiments at ‘San. Pedro Harbor were performed in very quiet 


water, and at Long Beach, the water at the outfall Sechare is almost ce ay 


depends o on the value of S., q it is a useless refinement to ‘compute 2, a — 
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should be noted ce in Equation (10); Q is in gallons per minute.) 


gst 
Monica and are in the: open ocean. 


ste 
Molle! has axiomatic. ‘that, 


‘discharge: into calm water. at. Pedro 
clearly, i in that relatively larger values of S, were obtained with the use of 4-in. 


nozzles, than with the large sizes. ‘The explanation for this is 


“sufficient magnitude to effect note these. small 
and these had little ¢ effect on he larger ones, i asi 


‘sewer it may seen that on a calm: day little, if any; 


any, increase 
be value i in the dilution When pollution : is 


id be as a criterion for obvious reasons. 2007 2 


008 re AppLicaTIoN OF Equations (1) 10 St 
the jets are to be ‘used, the length, L, 


may be found from a 
or, as 

‘warrant: may be. taken ‘from: Fig. 6. For vertical: jets, L = 


Wate 


er above Outletin Feet 


ee. 
= Length of Path in Feet - 


oF PatH FROM OUTLET TO WATER SURFACE FOR HoRIZONTAL OUTLETS. 
The initial dilution, 8, ma: Equation (10); or Fig. 7 dt 


The total 


be found from 
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al _ If it is desired to determine the distance that the sewage will travel a 


re LD IN SEA WATER 
- quantity ‘of water coming to the surface.is Q S,, of which, Q (S.— 1). 
_ The distance to which the sewage will travel away from the outlet, if there ¥ 
are no currents present, is found from Equations (23) and (29).. This dis» 
_ tance may also be taken from Fig. 8 with S = 225. For any other value 


305) I canes, x and ¢ may exceed the limits of 
ut then the time element. will so great t “st 


plicable. 


| 


md 
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TS) a 
sewage be determined 
from E in which, x and ¢ are found from Fig. 8 and U is the 
x gains 
an ocean current, use may be made of Equations (16), (21), and (27). . 
To compute the time required by the sewage to reach the outer boundary 
ation (17) is applicable. ded bax 10% dow es tom 
bas (il) estor imi bleit a 


toulsy aidt giott, tt OL bas Jt 

» As an illustration of the application of these equations assume that 100 

ft. per sec. is to be discharged at a depth of 40 ft. below the ocean surface Nes 


at a location where a directly onshore current of 30 ft. per min. is considered 
¥¥ Case 1.-First, consider that ‘the discharge is vertical, through a single 

outlet, 72 in. in diameter; then, Q = 100; L = y = 40 ft.; D= 72;n=1 


1800 ft. per hour, or'30'ft. per min.; and, + 225. 


From Fig. 8 the radius‘ of the field at 225 'is more than 10 000 ft.; so i 
will be necessary to compute z and t. Ordinarily, this is not worth while 
other factors will tend to limit the field, but the com on is carried out as — 


an illustrat 
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300 «©4400 500 600700 1000 2000 3000 


4000 
X= Distance Traveled to Point where S=228 


Equation (27), e = 181 ft., “which is: the distance the ‘sewage will flow 


against the current. The shape of the sewage field will be roughly an. ellipse | 
axis equal: to the sum of the stances the 


6 630 24 00 é or 2 


Tt is very probable ir in the ease under consideration, that. the thin stratum | 


will ‘not exist as such for Tong and that time will limit the field. Assuming: 4 


hours a urs as the field limit, then, (17) (28), 


1 990 acres, or 19.9 acres per cu. ft, per 


= 40 ft 


two outlets should be at least 3 + 4. Ii. 8 ft. of 


case becomes 84, Th his factor 


= 5.8. By Equ dt = 24. ich in 
From 0 ft.; p = 3.8 F quation (28),e = 5 
| 
Bet 
— 
00 ft. per hour, 
— 


-] PRE- DETERMINING EXTENT OF SEWAGE FIE SBA | WATER 


e the ‘effect of S, on the bie the 
7 600 being n excess of 6 hours, 


(88), (18), 


By 


area of the sewage ficld will be, 


200 
6 900 acres, or 69 acres per cu. ft. 


oR ‘Limiting this field by a 5 -hour time period as in Case 1, then, by Equation 
(17), 2= 4 850 ft., and by "Equation: (28), e = 18 850. The field area then is 
:% 450 acres, or 24.5 acres. per cu. ft. per sec. It j is probable that the combina ‘ 
tion of time and greater dilution in Case 2 will tend to break down 
stratification earlier. than | Case 1; “nevertheless, it is to 
limit uch a field, as is” to not less than Shours. 


. 


Case 5. 


0. in cubic feet per second. 
2. in. cubic feet p per ‘second. 


, in inches ...... seas 
U, in feet per hour 
By Fig. 6: L, in feet...... 
By 7: So, in feet.. 


—, in acres. 


» tl as for vertical 
outlets, ex except that it is first | necessary to determine the of the 


column from Fig. 6, or by means of Equations (8) or (9). 

topline only to shallow depths with high velocities at the outlet, the hori 
aoe distance from the outlet to the point | wher re the column reaches the 
‘surface is equal to or greater than three times. ‘the depth. For most cases 


ig. | 6 suffice instead of (8). 


ers, Papers @ 
Fig. 8 age field. By 
ich in Fig is not shown 
hited by other © 
nm = 10.25 ft.: » = 3.3 ft.: F = 12.6: d 
pe t., the distance sewage will travel with the 
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be passed by ‘Congress. 


»-AMERIOAN § SOCIETY Y OF ENGINEERS 


ERS A D DISCUSSIONS) 


ee — is not responsible for any statement made or opinion expressed = 


Am. Soc, C. E 


‘Committee of the Division | many points. w hich it decides 
should not be elaborated or even 1 mentioned i in the report itself. - The followin 


explanatory statement, t is in intended to 0 give the report. its proper setting. These 
remarks, therefore, may be. considered as or ‘supplementary to 


The Reclamation | was ‘passed: on. June 17, 1902, the purpose o 
| utilizing funds derived from the disposal of public lands, for the irrigation | of 


arid lands in sixteen ‘Western States. On. June 12, 1906, the Act was extended 


* upon the determination by the pe of the Interior that any 


‘irrigation project is practicable, he may cause to be let contracts for the con re: 


truction of the same. * * * The said: roe es [not exceeding 10 annual pay- 
“men 


— to ) the reclamation fund tes 


The amended. provision for non- _paymen 


st has been retained, but the time of payments 


es was extended first to twenty, and then to forty, year 


waivers of construction ‘charges also have been made. In 1914, when Se 


Lane secured the Reclamation Extension ‘Act, the Law Wis changed ar 


tet 


not only the adoption of new “projects, but ¢ all appropriations therefor, had 


ecretary on several occasions declined to 


construct projects so authorized, ‘which in his judgment were ‘not onomically 


Presented at the meeting of the Irrigation Division, ‘San Diego, Calit., 
Written on this closed in r, 1929, 
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REGARDING REPORT OF THE COMMITTEE OF 
t 
construction 
a 
October 4,1928. 


Total area of crop land United States 


¥. 


ter 


Pacific Coast i in 1924 the total area oo 


‘The crop | land idle 18% of this, 


acres, or 27%, was “Tt has been ‘stated 


ADS 


| 
80000000 


60000 000 


From this it may ‘be ‘seen “that the reel amation ‘problem 1 remaining is 


> 
26 


The ‘report the ‘Special Advisory (Fact: Finding) Co: mmittee to the 
Secretary s states} that up to 80, 18 23, the original construction of 
projects was $147 831 506. It further states: * | “The facts developed show that . 
- $18 861 146 will never be recovered. - 
; be tional $8 830000.” The works built have been a credit to the 


_ Profession, the e fund has been honestly administered, and the economic benefits 4 


“to the West have been great. Such an extended experience is a justification a 


? for: a review of the methods and results and for’ a discussion of the lessons that 


ma may y be drawn therefrom. od) yd | adh * 


OL yaigesezs too} bige of T * ot to 
As shown by the debates in Congress at the time of the adoption of the 
ct, and by the policies subsequently approved, enter- 
_ prises were confined largely to projects which : at that time were too expensive 


es required too long to. construct to make them feasible as private enter-— 


prises,’ They ‘then became only a ‘system. investment that neg- 


interest. 
lected the item of 3 WOT. won jo noitgobs ont vio gan 


phy The extent of the pd A due to this waiving of interest that practically 


has been granted to the. water users on the Federal projects, as compared to 


EXPLANATORY STATEMENT REGARDING RECLAMATION POLICY (Papers. 
ae n or er to obtain a general perspective of the problem involved the fol- § cated 
‘ame the total area provided with w  -viou 
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cons 
som 
a 
191 
— 491 
— 
dev 
| 4 dist 
t10 
pre 
tio 
if 
| 
br 
— tk 
4 
— 


i 


e 
t 


Ve 


~ ~_ 


costs: borne by in State on private projects, is ‘indi- 


: 


jag Reported net investment... 


net investments, compounded, to June 30, 1922).. 70 706 685 ott 


annual interest on the net investments plus interest on 


about $7 725 000, or r nearly. twice ‘the anticipated annual’ repayments ¢ on 
struction charges. Due consideration, however, should be given to 


or computation ‘of the amounts whieh would be dus! if interest at 6% were 


charged on deferred payments, shows that | farmer not s so benefited would 


‘under’ the F ederal Reclamation’ Law. + This does ‘not provide for compound # 


a interest which would further increase the amount. “Neither does it take. into ; 
consideration the time during which water was ‘gapplied to farmers on Federal 
reclamation ‘projects ‘before payment of construction charges s began, wi ich i 


some cases has reached fourteen 0b ex nit to. ol 


According. to the Fourteenth U. S.. Census, 80% of the land 


1919 in arid parts of the United States was supplied with water by private 
enterprises that ‘received no public aid or endorsement; 6. had been 
kat developed by the use of Federal funds; 9.5% was served by State : ir rigation s 
districts ; and | 2.7% was under Carey Act grants. or bells ad de 

‘There is selecting the settlers on 65 


ti on enterprises were an “aid ‘to Federal: 
would not be so conspicuous, but it becomes 80, because irriga 


States should be taxed for the | purpose of 
those on only: 1 808 000 acres, water by the United States. This: 
inequality is as 


ra n The ‘Teport. of the 
Special ‘Committee (Fact Finding). in. 1924, (page 


two of the projects.” | This not project management 
and office have for criticism. A dependence 
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ere vie The report of, ‘the Special Advisory Committee (Fact Finding), relati 


NT REGARDING REGLAMATAON POLIOY (Papers. 


aT 
corresponding bureaucratic, tendency has. grown up within the Reclamation © 
Service. The water. users have come to look upon themselves as wards of the - 
Government, a specially favored class with special claims upon governmental — 
bounty; and the Reclamation Service has been tempted to accept this defini- “g 
tion of the water users. Nothing could be more detrimental to the progress | 
of a venture which demands, first. of all, individual courage and indepen- 
dence of the people concerned. The-extension act, provides: that the operation 
and maintenance of the project may be turned over | to the water ae a 


should be done at the earliest 


‘The Bureau now 1 recognizes that the management of projects sen wd fie! 
romptly transferred to 9 responsible local agencies; and this is being done. 
otwithstanding the waiving of this interest charge, large numbers. of the 
; settlers on the Federal reclamation projects have not paid their. construction 
charges on projects. costing on the average $57.75 per acre.* In addition,. the 


“Omnibus Adjustment intended to adjust water right charges, passed 
twenty 


Federal projects. Such: conditions would rit encourage: the ordinary. banker 
in further Joans_ to settlers as has been advocated in. ¢ other parts of 


was the u the on a | National Irrigation 


erential the water users on the State irrigation, districts 


under ‘private enterprises. The ‘rate. e of interest charged could, properly. 


aA that at which money costs ‘the Government itself, but the | Government should — 
be ealled upon to sustain this loss in. order to benefit individuals. 


Under the California Irrigation District Act the. bond. issues which have 


been delinquent in the payment of interest and, principal in 192%, when, this 


cate: paternalistic treatment of settlers has resulted in. 


as investigated by the writer, amounted to. $4,627 000, on 96 
acres. Their total bond issues amounted $137 000,000, on 3 915: 572 acres. 


The delinquency the therefrom was but, 3. 4 per ¢ cent. . The prevailing bond 
rate ‘is 6 per cent. . The California law provides the same | general method for 
the sale’ ‘of lands on which payments are delinquent as with, other taxes. 


\ 


Federal irrigation projects states” (page XI) 1q 


June 30, 1928, of the construction’ charges ‘then! due, 14:29, or 
- $2537 222.46, remained unpaid, and of the operation and maintenance oe 
vee due 17. 6%, or $2 423 649. 06, remained unpaid.” 


Senate Doc. Ne. 93, 68th Cong., Ist Session, p. 146. 
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th first, these laws were loosely. drawn, and there 
was almost no supervision of their procedure in voting and ‘selling bonds o 
letting contracts. In California, there: are close ‘supervision and few 


failures. Committee is of the unanimous opinion that subsidy 


should be but ee ‘same Saint ‘should: be required 


if 


a The “most flagrant examples of repudiation « on are said 


mainly’ relied on political ‘influences. This movement made no progres 


Congress a as long as the Interior Department stood firm for the enforcement 


of the law andthe contracts. These waivers are said to have been first covertly 


and‘ then openly advocated in’ past years by the Department. When 1 this suc- 


ceeded, it-of course broke the phalanx of resistance and many scrambled for 
such benefits. 1 When the morale was” broken the enforcement of contracts 


is a desirable and necessary public policy for the Federal. Government 


to ‘build ae works whether for irrigation, ‘drainage, 0 or r navigation, { n, fo 


- av 10-09 jo Laid pant 


JECTION oF Puysicat Data 


ree of reservoir sites” can be 1 made promptly. Dam_ sites can be 


be be 
explored and ¢ distribution | systems can be. outlined quickly. However, the 


data necessary fora proper. outline of | a project, such as stream flow, rainfall, — 


Survey is especially. to be. commended. It should be expanded. | Some of the ; 


Western States are, properly operating with the ‘Federal Departments 
‘collecting such physical data and in making essential topo raphic | surveys. _ 
REGULATION ‘OF Streams SHoutp Be Pustic AurHoriry 
The > determination | by the Federal Government of the comprehensive 
plan, for the utilization | of drainage. systems where streams are interstate or 
“navigable, is very Amportent and such work is commended. ‘It has ado pted a : 
broad policy ,o: of improving its, navigable waters. _ Great expenditures have be been — 
made for this work, ne This i is justified because of general public intetest. Of 


late, many localities benefited have contributed to the cost of such Paaprove- 2 


a EXPLANATORY STATEMENT REGARDING RECLAMATION POLICY 
long -In the case of California irrigation districts where the law is 
the locally, payment of taxes is insisted upon and where there are no subsidies, §  @ 
M}etter financial results have been obtained. However, in the arid area of the ee #1 
| United States as a whole, 26% of all irrigation districts organized have failed ‘i 
We 
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ast the occasion for their direct assessment. A similar policy has been adopted — 


4 for the improvement of main highways and large appropriations have been 


aia. therefor. Here, again, there is a co- -operation between the F ederal and Z 
The Bingham Act provides for. the aid of aviation in a. 
manner | similar to the Federal aid of navigation. A an example, ‘the Fed- z Mis 


eral Government now has. a lighted air from New ‘York, N. 


Los: Angeles to Seattle, Wash. "hese. air are lighted at night and 
‘throughout their courses. with emergency landing fields at Federal 


pense. The large cities | served are requested to furnish the terminal airports. . 


OC ngress oa its 1927-28 Session passed* “An Act for the 2 Control of of Flooils. 


‘on the Mississippi River and Its Tributaries and for Other Purposes’. An 
appropriation of $325 ( 000 000 was a authorize d. The Act pravides that “no local E 


‘contribution to the project herein adopted is required.” _ generosity, 
a 
is stated, is due to the extent of the problem involved, because of large 


previous. local expenditures. Section 4 provides that. benefited localities 


equired to supply only certain minor rights of way. The aid of navigation 


is not the purpose of this Act, which contemplates the construction of regu-— 
dating: reservoirs. Section 3 provides for the States or levee districts to. ‘main-— ; 


ain the flood- control works after their completion and defines maintenance — 


8 including normally such matters as cutting grass, removal of weeds, local 

and minor repairs of main river levees. 


These ‘provisions are in distinet contrast to the Act for building 4 


- the Boulder Canyon Reservoir on the Colorado River where the full return | 

of all funds to the Government is r required by firm contracts in advance. + 4 

Section 13 of this Act also provides an appropriation of $17 600 000 for the q 

control of the floods in the Sacramento. River for which no return ‘is be F 


This latter work is part of a co- operative act ‘between the State of 
and “owners, a nd the Federal Government. Other great 
rojects pen for the improvement of inland waterways. at Federal 


expense’ and without return of funds. bare 


The Federal policy of making large Aireet (appropriations for public 


for the » general development of broad sections of the country, for navigation, 


“flood control, highways, and aviation, has een established without repayment 


_ of the amounts furnished by it. ‘Sbrne such Federal policy should be adopted 
for the general: benefit of all interests, including irrigation on navigable or 


nterstate streams or their tributaries as well. - Storage reservoirs and river- — 


control’ works could properly be built in large part by Federal and State funds ' 
m such rivers as the Columbia, Sacramento, Colorado, Rio Grande, and their _ 


ributaries ; and the floods could be regulated for all public use (be it ‘irriga- 


tion, navigation, water ‘supply, oer r power) and in such manner that the greatest 


= 


The Federal Government has already expended large sums for river- -contro] — 


on the Lower Colorado by direct ‘appropriations. ‘Navigation in this 
‘Ipgtance, is but. a ‘it build All-American 
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Canal because. of international complications to protect th irrigators of the 


aging 


development of publi ic and private lands in the United States, it appears fai 
that a direct appropriation should be ‘made for that "purpose. ~The people 


have ¢ done ‘their full” share in this effort, ‘well as the projects of the 


a 
‘Mississippi Valley. ‘Established | institutions are fully as deserving of help as 

new projects. This ‘would be a broader a and franker policy than the ‘selection 


of 6.5% of the irrigated lands. for special subsidies. The general plan. for 
works on interstate and navigable streams mould adopted jointly 


On “non- navigable streams wholly within. a the works 


the two ‘combined. Some part works should be allocated 


the interests benefited, but a substantial part of ‘the expense for river 


regulation should be at public expense. ‘to 

Qonstavorion or Works py Pusuic on Private, 


Municipalities or other public agencies, or private parties, ‘should be per 


mitted and encouraged in building hydraulic works; but the control of large 


built by. Federal authority should remain permanently under its: 
control because of the varied interests involved in their operation. — . This is the 


present provision of the 1 Reclamation | Act. When built as a part of a com- 


guid 
prehensive plan, in far as possible, ‘thes shoul be administered so as to 


water supply; and third, power.* When reservoirs are built by private | funds — 
2 ‘it is proper to provide. for their ultimate recovery by the Public ¢ as provided — 


in the Federal Water Power « ‘othe dat 


x 
project: the order of im is: “First, river 


vw! 
AND Power FROM FEDERAL OR SraTe RESERVOIR Suoutp Be Disrosep 


Ge 
Ls) All the members of the Engineering Committee were agreed that State and 
Federal authority | ‘should not properly engage in the distribution of. water fe 


power to the individual consumers. The writer sees. no ‘reason, why govern- 


mental authority restrained from installing the generating Plants. 


q that be also to either p 
to mutual or private companies which oe direct contact with the consume 


In cases, such as in the Salt River Valley Project, where an existing privately — 


~ owned power distribution ‘system w was already i in operation, it became naturally 
a medium for the « distribution of power, just | as the Salt , River oe Wate 
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onal Act of May 25, 1926, 46, peévid 


ayo: water shall be ‘delivered upon the | completion ‘of | “any new project or 

new division of a project until a contract or contracts in form approved by | 
the Secretary of the Interior shall have been made with an irrigation district 
or irrigation districts organized under State law providing for payment 
- the di trict ‘or ‘districts ¢ of the cost of constructing, operating, and maintain- % 


ing the works during the time they ‘are in control of the United hank 4 


” Seetion 45 of the same Act ‘provides for a similar procedure in in the ease 


of amendments to ‘any existing ‘water- right ‘contracts. While the water is 
be delivered Reclamation to the district, its actual 
2 


ption not t by. the ‘Federal Government. 
policy i is to ibe Section 5-of the Act entitled, “ER. 517 3, 
70th Congress, Ist Session’ 'y relative: to the building of the Boulder Canyon 


“That the Secretary of the Interior is hereby authorized, under such gen- 
ay eral regulations as he may prescribe, to contract for the storage of water in q 
said reservoir as may be agreed upon, for irrigation and domestic uses, and a 
generation ‘of electrical energy and for the delivery thereof at such points on 
the river and on said canal and delivery. at the switchboard to States, munic- 3 
ipal corporations, political subdivisions,’ and private corporations, of | electrical 7 


energy generated at said dam, upon charges that will provide revenue which, 
in addition. to other revenue accruing under the reclamation law and under 

this Act, will in his judgment cover all expenses of operation and maintenance 7 
‘ineurred by the. United States on account of works constructed. under this” 
Act.” (Section and the repayment, ‘within 50 years from the 
date of the completion of said works, of all amounts advanced ‘to the fund 


As far as the policy of wholesaling the water or ‘power as ; provided in this 
s concerned, it is sin accordance: with the judgment of the Engineering 


‘Committee. I However, the provisions of this Boulder Canyon are in 
‘marked contrast with the enormous a appropriations for the Mississippi ‘River 


where the obligation of of the beneficiaries 3 is 1 to ¢ cut the grass on the levees. fea 


NEFITS FROM Funps SHoutp Be To Wark” 


It has been stated* that 34 007 716 acres of the “erop land” of the United 
‘States were lying idle o or fallow”. ps In the “Mountain States”, which included © 
Montana, “Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah, and 


‘Nevada, out of 604 416 acres ¢ of Merop, land”, 3 105 498 acres, were “idle or 


States, 12. 4% and, in the ‘Pacific ‘States; it per cent 
‘Phe: average “for the United States for ‘this period showed a 1 decrease of 


per cent.t In 1920 ‘there v was a gain ‘of 500-000 in farm: population in the 
United ‘States; in 1921, ‘this gain was 3 200 000; in 1922, the loss was. 460.000; 
n 1993, 461 000; and in’ 1924, it was 182 000.5 ‘The ‘decrease in | farm popula 
tion ‘in 1924 ‘to! the ‘city- war 
States, or 4.3%, followed next by ‘the Pacific and’ ‘Wet Coast Centr al States.t — 


* Year Book, U. s. Dept. of Agriculture, 192 1925, p. 188% 
ines 
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Between, 1910. nd 1920 the increase’ the United. 
‘States was 13 ‘738 or 14. 9 per cent.. ‘table: has also. been published* 


acreages, production, and farm vs values from i924 to 1925 which shows 
an estimated. decrease. in farm values of $570 663 000. From data. t 


appears that agriculture i is unprofitable and farming unpopular. 
view’ of these conditions, ‘Secretary Jardine stated: 
_ “I am opposed to bringing new areas under cultivation until we have found 

4 a market for the products we are now producing. 9 There are two things th 
: Government may do to prevent injudicious expansion of farm land. It may 

_ regulate its own land-settlement projects wisely and it may discourage unde- 
sirable private projects. There is a field here for useful and legitimate Gov- — 
ernment activity for the protection: of agriculture and the ‘promotion of th 
general. welfare. I am as strongly in favor of such. activity as 1a am agai 


Mt attempts to determine economic law by means of legislation” = = 


operating United States Reclamation projects, 29%, or more of. 


under canal i is ‘not farmed.¢ in California State irrigation districts, one- 


As water becomes more valuable, the meth 
A substantial conservation of water in the future accomplish 


lining, of — that larger be grown 


water ‘now b 


efficiency is in the i 


in th the quantity per acre in agricultural lands | because of 


‘There has also been a great advance i in efficiency. of farm equipment 

which permits of deeper plowing and more effective harvesting. This progress 


is now well under way and will help, if it does not completely meet (from — 


ieves the immediate necessity for increasing reclaimed areas. tere 


_ Throughout the United States, farm and orchard products Have been a we 


ribet: 


priced since 1923. While the p prices on the’ ‘staples, ‘such as ‘corn; wheat: ‘a an 


cotton, are by world: conditions, the crops that are bes 


duced on higher priced lands, consisting largely of fruits and vegetables, “are ss 


fixed in the home markets. Se small excess of the supply above the demand > 


breaks the price light deficiency stimulates it. ‘During this 
period has been an excess of the supply the demand, especially with 
fruits and vegetables. This has ‘resulted Jossés and farm’ abandonment. 


This condition’ is one which should not be aggravated by the reclamation of 


new areas. Invot or ‘ed bite bit dod te 


Nils: A ‘Olsen, ‘Assistant Chief of the ureau of Agricultural Economics, 


Department of Agriculture, in p part: | pending: 


ab 


re. ith * Year Book, _U. S. Dept. of Agriculture, 1925, p. 1356. te 


Senate Doc. 92, 68th Cong., Ast Session, p. 26 (Fact Finders Report. 


§ Proceedings, First Pan-Pacific Conference on Beucation, Rehabilitation, Reclamatio 


arm areas), the increasing demands for foodstuffs. This ‘further 


@* 
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“over- expansion which i injures not also new. 


* * * The process of pushing agricultural expansion too rapidly tends to — 


defeat its own end, if that end is the establishment of prosperous families on q 
the land. * * * The idea of promoting residence in the country unless that 3 
residence can be maintained on a profitable basis to the family is to expect 
an impossibility and fly in the face of modern tendencies. * * * It is obvious — 
that from many points of view it is much more economic to meet ‘any demand 
for increased agricultural production by utilizing lands already in farms © 


_, It would be a much broader policy for the Federal and State Governments . 


to aid, the farmer who is, now ‘struggling with. adversity on existing f arms 


than to adopt 2 a policy of reclaiming new areas whether by drainage or irviga- 
tion. There i is a great need to reduce the difference between the price. 


the ‘producer and that paid by the ‘consumer. a 


ad? ‘The argument in favor of the adoption. of some of the m major 
which would result ultimately in increasing agricultural production | been 


stated* by Herbert Hoover, Hon. M. Am. Soc. O.E, in referring to ‘the Lower 


Colorado River development in the hearings before the House Committee 


Haypen- —The feeling in Congress is not very strongly’ in favor of 
reclaiming vast areas of land. It means in this instance a million acres. _ 4 


“SEORETARY Hoover. the answer to that. would be that it would 


require approximately 10 years to complete the engineering , work, , and another | : 
10 years before a complete use was made of the available water to those val- : 
-leys, and, therefore, before production becomes very substantial there would | ' 
k bea period of 15 to 20 years. In that period the population of the United 
States will have increased twenty or thirty million, and that production will “ 
be very badly needed, is would be the last to wave the magic wand which — 


De 
would | bring the production on at the present moment. It will probably take 
It will be noted that Secretary Hoover agreed that present, conditions d 0 aot 


justify immediate reclamation “of additional areas, but he estimates that i 


= to 20 years their products will be required. 2 
The policy adopted relative to. the “Mississippi River of protecting the 
farmers of the South. who are now struggling with adversity from flood oe 1 


humane and_ proper. In a stream, such as Sacramento, a. dam 
_ properly — be bui lt at Kennett, Calif., largely at Federal and State e expense, 


which would sustain navigation, prevent floods, provide an adequate water — 


supply for the existing farms in the Sacramento ‘Valley and lower portions | z 
of t the San J Joaquin Valley, | and permit of the generation of enough power 


to pay at wholesale rates for the greater part of the cost of the > project. The : 


distribution of both the water and power could be left to ag gencies. 


a procedure would yield a State- -wide and nation- -wide benefit, to. as great’ 


an extent the building o of f harbors or highways. 


Sacraniento Valley is now staggering with debts of State drainage 
projects that probably cannot be paid. The limit of the ‘Valley’s irrigation 


water supply during the summer months has been reached, and navigation has € : 
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been rendered | impossible above Sacramento ‘The salt water from San Fran-— 


‘cisco Bay i is encroaching on the reclaimed islands of the lower river. A com- 


prehensive expenditure of large public funds for 


avo Ived, is with State and National effort, 
‘i Southern | California now has a a population of more than 2000 000. It; is 
increasing ata very rapid Tate. Despite the fact that nearly all the surface 
flow of the streams ‘this region is used, about 80% of the drinking 1g water 
has to be. obtained from wells in Southern California proper. The ground- 
water supplies in most localities are falling. | The only comprehensive source 
remaining is the: Colorado, River which | is ‘discharging in ‘greater ‘part 
destructive floods. into the sea about 16 000 000 -acre-ft per year, ‘threatening 
the very existence of an irrigation district of 600.000 ‘acres, followed by 
periods of inadequate low flow. % By its control at the proposed Boulder Canyon is 


Reservoir these adverse problems ce can be solved and made largely to pay for 


the cost of the 1 river’s | improvement through the , development ¢ of "power, -result- 
ing in the great increase in National, as well ¢ as local, wealth. if this is not. ." 


done there may be decadence instead of growth. The cost will be 


including the aqueduct, it may | exceed $200 000 000. ‘Surely such a project is. ; 


worthy of both State and Federal aid. The financial plan proposed i 
wy if not too liberal on the part « of the local in interests | benefited. ied 


:% The cost of projects in the s Northwest that have been n adopted by Congress 
during the past few } years, involving a construction outlay estimated at ¢ approx 


mately $100 000 for the next ten years, are said to ‘require: an outlay o 


$160 per acre, or more. water users thereunder are to be given forty 
years in which to ‘path this amount without interest. In view of the ‘past 


history of the Reclamation Service, with “projects” costing less” than one- half 


this amount, it is the prevailing belief that these Tepayments never will be 
made. The sum of $160 per acre is sufficient to acquire good farming 


in TMinois, Towa, Kansas, and N ebraska, where schools, roads, and other public it 


improvements already exist and where the markets: for the products are at 
hand and large, areas are idle. these conditions such Projects | should 


Farmers | are not asking for theit It appears to a better policy 


to ‘aid those who are endeavoring to develop areas now occupied and in need 


- New ‘Proseors SHoutp Onur Arran APEROVAL 
adoption of projects is dependent the determination by the Secretary of 
the | Interior that they are practicable. The Reclamation Service ‘in the past, — 
| as wells as ; at present, has in its organization many y able engineers. The Secre- 
taries have been competently advised by these ‘men, whose judgment usually 
has been followed. requently, ‘pressure has been brought ‘upon Congres 
sional representatives to force the adoption | Congress, however, 
has now undertaken the adoption of projec at 
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Act 13, 1914, Section 16) now “the: 
shall not be made except from annual of Congress. The Seere. 
are 
me 
‘tun 
The 
Obviously, no project = construction unless it is 
physically and economically sound. The employment of competent advice both rE di 
of an engineering and économie nature and its require argu 
som 1e Western States paternalistic “ander State. supervision. 
ay # have been adopted for the establishment of settlers on the land, including the fF 
building of houses, ‘barns, and ‘the installation of ‘machinery, the leveling and 
fencing of the lands, and the guaranty ‘power bills for pumping charges. 


4s 


‘The States have not been sufficiently prosperous to cause an expansion of this 
policy. While success has attended some, they do appear to have 


secured any ‘unusual ‘Where success has ‘marked such enterprises, 


the conditions surrounding their initiation and» subsequent progress appear 


avorable enough to have induced it without such paternalistic assistance. * 
The conclusion to be drawn from these « experiences is that a liberal measure 


paternalism will not insure success. Such aid will work i injury in the on 


run to the social fabric that will far outweigh any temporary successes that 
A National Reclamation Policy should be built ata two fundamentals: 

‘irst, the creation of equal “opportunities; and, second, the stimulation of 


a 


Any policy that 


supplies a prop on which the may lean, 


Tf such ‘aid is to be 


overnment. 

tes 
In the past, long delays have occurred after the deliveries of water before 


-Tepayments for construction costs began. Based on the reports of the Reclame: 
“tion Service, on four of the | projects. ‘payments began as. soon as water w was in 
delivered ; on the next } are car 
eve 
period with 6% compound interest represents 77 % of the initial amount. At inc 
present, the Reclamation Service is: insisting on prompt payments and is to 
5 be ‘commended for so doing. _ Apparently, there is no good reason outside of to 
- political influence why these delays have been so | protracted | in the past. Bai he 
es The Fact Finding Commission properly recommends that as soon as water 3 5 
is: provided for two- thirds of 8 an area, ‘the « owners 3 thereof should i be yea err 


begin making: ‘the payments. 
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oJ ects 


the oo of water an ration by the 


poliey: 
‘tunities. ond delay the operation of the revolving fund in the law. 


‘These delays put a a premium on improvideney and are unfair to those who are g 
able and willing to meet their ‘obligations. ~The terms of repayment should be iS 


adjusted to the reasonable ability pay. ‘The Department of the ‘Interior 
as adopted* the policy of decentralization and has: executed contracts: with | 


‘thirty irrigation districts and water users associations on sixteen projects for 
the transfer to local control of the care and operation of the irrigation wor . 
of these projects. This, he states, has resulted in a better morale and financial 


do On most new irrigation projects, whether Federal, State, or private, daloni 


gation i is a serious pr problem. — It is difficult to induce people to settle these new _ 
farm lands because generally, under present « conditions, agri vulture does no 


pay. Tf farming were profitable the colonization problem would largely dis 
appear. This same argument ‘applies to the ‘difficulty i in financing the farmer 


Farming will not pay until the demand for foodstuffs catches to the supply 
a ~The bane « of many ‘irrigation projects, whether publicly or privately 
‘ducted, has been land ‘speculation. If the dirt farmer can be given. access: 


wt the land at its base price before inflation, his chances of success are better 


as to pay a a speculative price for it. 


than i if 
a On Pacific Coast, : r real estate with “high p pressu 
charge from 25 to 35% of the sales price of the » lan 


the purchaser, the real land ow owner “usually having to com- 
pensation from deferred ‘payments. This is hard on both original land owner 
and the settler. 


The ‘policy now, being enforced on new projects may “offer 


Drastic measures are taken to land speculation ‘prior to. the adop- 
in this “produce wholesome ‘The or State 
can properly insist as one of the conditions of its undertaking a project that 
every surplus parcel 0 of land within the proposed district be iepetist 


authorized | real estate : agency, ats a stipulated price that contains 1 no unearned 
‘The ‘Government or State, in these ‘recent instances, properly 


ie 


4 
ernment merely acting as agent. In case of re- vale, the e land must be offered 
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throwgh the same > agency for a certain period of years un il the p project is se 


‘The Department of the Interior is sto. be ong 


authorized projects. 


been recommended that the water users ‘ahold 


wt aed aided by advancing loans, | leveling lands, ete. it was the judgment 
the Committee that ‘if such paternalistic system is to be extended it should 


gen local organizations, such as. the. State or 


Service has constructed 120 dams, built 16 000. of 
canals, laid 3700000 ft. of pipe line, and has excavated 252 000 000 yd. of 


materials in the: performance of ‘its duties. 19365, the estimated crop 


Th “engineers who have been. ‘connected with this. is work may justly 
oe egard it with pride. — The report that the | Committee has presented is not a 


criticism: of this service either past or present. ‘, The policies have been fixed 


acts of Congress and not by tl the engineers and executives. This ‘Teport: is 


 intende to be a review of the operation of these policies : and an expression 


on the part of those who are interested ‘and somewhat acquainted with th the 


lia add of. 
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_ SOCIETY OF ENGINEERS 


NSTITUTED 1852 


PAPERS A DISCUSSIO NS 


‘This Society is not for any statement or opinion 18, 


. A NATIONAL RECLAMATION POLICY 


ASPE ECTS: or FEDERAL RECLAMATION 


Br Mean, M. Ax Soc 


report on Reclamation ‘Policy prepared by a of 
e Irrigation Division deals with a problem on which Government oe Bie 
bessia: with the Reclamation work 1 may quite properly hold other and contrary | f 


views to those expressed, This | paper ‘comments on the report as from this 


angle and, ‘therefore, may be considered as voicing the essentials of another % 


imple under- 


involves the construction ‘of works, which is is engineering. It 


ac 
require es ‘the! settlement and ¢ 


prosperous which 


is a social ‘problem. report} consideration was prepared by. cengi- 
neers. If it had been prepared by economists more attention would have been 
given to n 

mone “spent pre ‘construction to be If it had been wiitten: ‘by: settlers 
more would have been said about their needs. Investigations and discussions 
like those inaugurated by the Society; therefore, will promote an understand- 
ing of ‘reclamation and make future development even more valuable. 
influence of ‘Federal reclamation on agricultural “development has 
varied widely in different States. It has been least in California and greatest : 
in Idaho and Arizona. — The rich and populous irrigation districts of these two ; 
latter States are the creation of Federal works, ‘Outside of 


portant ‘irrigation works of the future will be built by the Government. | 


* Presented at the "meeting of the Irrigation ‘Division, San Diego, Calif 4, 


1928. iprenny discussion on this paper will be closed in September, 1929. BR 
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ED AL E SLAMATION 
t continue to 
subsidized either by not requiring ng interest on construction costs, as. at 
oad the Government PY a the 208k, as is in the 


eport. 
The present income fvtigation works comes » from 
P sources: + ae Payments by water users ; (2) payments for power ; (3) income 


re - from sales of public lands; and (4) a a percentage > of the i income ‘from oil leases, 


it ‘The first two are increasing; the last two are diminishing. . The total is about 


‘The works being built are large and costly. hs Their completion will | require 


i “4 several years. ie Farm development must await the water ‘supply; hence, there 
is small prospect of any “material | increase 1 in a irrigated acreage during | the 


next decade. _ No contracts for new. construction can be made until approved 


both the ‘Secretary of the Interior and the President. “This operates 


in between the of canals and the 
use of water in ir rigation,, first-step in reclamation | is to ‘provide water. 


The second is to bring it into use. This requires ‘settlers for the ‘uncleared, 
_atorelen land... mi ite requires preparing that land for irrigated culture, erecting 


the anxiety of this second step, always ‘greater than was 
realized or admitted and the cost is now two or three times what it was fifteen | 
_~ years ago—say, in 1913. An | irrigation canal with -unpeopled | farms below it is 


not an asset. Income and the benefits of reclamation are realized 


Secor stage of reclamation is completed. 


1 Other. ol ste cles to carrying out settlement and farm development have 
become 1 more serious in recent years. — ‘The pioneering spirit which led settlers. 


to do the difficult and aacemnnenntine work. of clearing and leveling the land 
is gone. The: open country no longer appeals. as it once did. _ The opportunities 
of other ‘industries. are much broader. — The cost of changing ‘Taw land | into 


farms i is now so heavy that money or credit is usually needed. to. eieilinaent 
the settler’ meager capital. "Economie surveys of developing reclamation 


projects made by committees which ‘included ‘practical irrigators, economic 
experts from and _representatives of Buerau a of 


Reclamation show that from $5 00 000 0 to $10 000 must be spent to provide the 


ermanent improvements and equipment of an 80-acre farm. "ed 


_ The percentage of home seekers with ¢ capital enough to improve and equip 


us, farms without borrowing is very small and the number willing to in- 
est their capital in a development of this character i is still smaller. . They c can 
get, more for their ‘money by buying improved farms i in ‘established districts 
The settlement and development of unimproved, unpeopled areas depends 
largely on tenant farmers, to > whom the lure of ownership» is strong, and to 


the: sons of farmers. Such ‘applicants rarely have more than $2 000 to $3 000, 
and settlers with less: tha O00 w wi ill need to borrow money to make 
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arms produce | 


money can be bor eakian on terms whish:the: farmer can meet, if 5 can be cewenie 


a the rowed at all. On nearly all developing projects loans are for short periods, ae 
with interest rates which are higher than agriculture can stand. 


On four have been in ‘operation for more than ten years, 
who have improved farms are prospering; but more_ than one-half the 
land i is -unirrigated, and 800 more ‘sottlens are bring all: the 


and the payment. a the debt. pi These settlers could be secured 


if there were s some agency to loan money needed to ‘erect inexpensive farm ny 
‘buildings and prepare the land for irrigation. | They cannot be secured with- 


‘out some credit aid 1 not now provided. _ Short- time loans to buy live stock 


ean n be secured, but m money for permanent development i is not available. 
‘This credit phase of settlement has been emphasized because it is 


‘stumbling-block in the way of success. It i ‘is also a menace to the solvency 


of works now building or to be built. one project, where the irrigation 


works will « cost $11 000 000, there is ‘no anxiety about the payment of 
ae struction costs on more than o1 one- half the area. The far farms are improved, the — 
ad land has been prepared for irrigation. ¢ The owners have contracted to pay full 
tie construction costs on their entire area; cultivation and use of the water are 
t, the assured. On the unimproved, unpeopled part of this project, , however, the 
4 at surface of the land is 1 uneven and covered with brush or with second growth 
fteen timber ‘prepare this land for irrigation, and to provide the necessary 
buildings and equipment, will cost from § $75 to $150 per acre, Tf this money 
alized could be advanced and payment could be § spread over 20 years, with 5 or 6% ; 
~~ &f interest, buyers could be secured ; ‘or they would be reluctant to take on a 
a 4 | clearing and leveling job for which they would have to provide all the money. 
This project presents new economic problems, the solution of which needs 
5 lend new policies and new laws. Some of the land belongs to the State, some ee i! 
ities railroad company, some to individuals, and some to the United States. If 
gle these ‘owners act together. and the preparation of the land for cultivation is 
hii ‘put into competent hands, and farm boundaries are fixed to agree e with the 
eh topography of the co country, the land can be / made ready f for cultivatio ih 
nomic time, at less cost, and with infinitely better results than can be accomplished y 
by. leaving this to the action of the separate owners. Each. will wait on the 
au of others, development will be delayed, and money will be lost. . The I heaviest — 
de the loser, er, of course, would be the Federal Government. (g) 40 jolt 
of $18 000 000. considerable part of the land under the project 
“now being irrigated from pumps. The cost of pumping has increased in 
4. recent years that it is now greater than irrigators can afford to. pay. A. gravity 


= 


supply will be. much | cheaper and will therefore avert failure of settlers and 


‘bankrupt ; communities. There i is no anxiety about. water payments where the 
land are settled and improved. Pay ments will begin, and the water will. 
used as. soon ‘it is available; but there is a financial problem on 70.000 


acres of unleveled, uncleared, and -unoceu land which forms a part of th the 


tia 
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are scattered. Hardly an 
: nareottterral irrigators. They wish to sell. There is little danger of 


inflated prices. The: Jand has been appraised and the « owners have agreed to 
ll at the appraised price, which is nominal. ~ Cheap land, however, does not 

insure ‘settlement and cultivation. — Here, as in the other case referred to, credit 


and co- -ordinated action are necessary. Part of the land is owned by the 
State, part by purchasers of State land grants, and part by men who acquired 
it under the homestead » grazing, and similar acts. A small fraction is owned 
by the United States. If it is necessary | to wait for ‘these independent agen: 
cies to improve and develop these farms or find settlers to do it, it will be 

‘Many years before the sable sande is used and before construction 
costs: are returned t ‘to the Fund. biinf iad 
Anxiety in regard ‘to the - financial ‘outlook is met. by the statement that 
e Government i is protected in the repayment of ‘its expenditure by district 
contract. — It is true that all the lands in these projects are obligated to > pay 
the en entire construction cost and this obligation is a first lien on all the la nd, 

ut i it would ‘impose an undue on the develored lands: 


to pay the charges against un 


918 The measures for aiding settlers: in farm development, - suggested in the 


Committee ‘report, are entirely inadequate. State aid has been ‘sought. 
- islation to require this has been considered i in Congressional committees, but 


investigation showed that some States lack the: means: to extend this aid, 


some are prevented from doing so by Constitutional prohibitions, and in 
State there is small prospect: of political support for this. co-operation. 


he Federal Land Bank has not been, nor is it likely to be, of a1 any assistance 


in changing | raw land into farms. It does not loan money except on income- 
eo farms, and that means loans are. withheld until after the problems 


of settlement, and farm development. have been ‘solved: | bon: 
it ‘There is great reluctance in Congress to do more than the Government 
1ow does. ‘The 1 reasons for this reluctance are not to be ignored, and ‘it is 


‘i lesirable that further action be avoided and that settlers be found with 
money enough to make their own improvements and buy their own equip- 


ment. . There a appears | to be little hope of this « on sore of the older ' projects or 
on some of those now building. It is the writer’ 8 conviction that one of two 
: things should b be done: a) Either provide aid in carrying out the second 


stage of reclamation; : or (2) quit building | canals to irrigate unimproved land. ' 
latest economic report on settlement and farm development recom- 


that the Government purchase owned, unimproved land 


if this were done, it would 


aise taxes as soon as construction begins. ‘This imposes’ burden on the. 


that the ‘States be more co-operative th than in the ‘past. now is to to 


of construction costs 
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ments. used for political action in ‘ing 
struction costs. vale 
A bill now (1928) before Congress i is intended to provide a a 


of aid and direction i in settlement. It authorizes the appropriation of $500000 — 


from the Reclamation Fund. It limits the expenditure on any single farm to 


$3 000 and restricts loans to provide | for the | erection of farm buildings and snd 


and 
the preparation | of land for irrigation, the money thus advanced 1 to be secured 


by a first nie on the land and to be sabe with interest i in installments 


in any no should be made un 

at least one-half these advances has been 1 returned to to the Reclamation F od oa 
This might be arranged through loans to ‘settlers from: the Federal Land Bank. ‘ 
Improvements made from these advances would make Federal Land Bank loan 


ae There is also a fear that lending money to settlers would lessen their 


initiative and self-reliance and tend to make them leaners’ on the Govern 


ment. That objection was made to the Federal Land Bank legislation. The — 
same objection applies with greater force to building canals 8 by the Govern: 


ment. It might be said, “Let settlers build their own canals and reservoirs.” 


The answer is that this is impossible because of their cost. The high cost of — 
changing re raw land into farms makes it impossible also for worthy, industrious 
home seekers to. get started without aid. There is a kind of aid which does 


‘undermine independence and self-reliance, and another kind which strengthens : 


“hope and inspires effort. t. That i is what wisely directed | 


ACHIEVEMENTS OF ‘Feperat ReotaMarion IN Co 


well to emphasize the gratifying social economic 
1 Government’s: activities in supplementing of Salt iver 
"district or ‘private development. By - taking over the eanals of Salt River 
Valley and building the Roosevelt Reservoir, Federal reclamation rescued 


"discouraged and helpless irrigators and made Salt River Valley, Arizona, one 
of the most prosperous irrigated sections of the country and a great economic 
asset of the State. Without similar action the Carlsbad Project in New aes 
Mexico would now be only a memory. exw 
: as In the Weber Valley, i in Utah, a reservoir is now being built to furnish a3 
3 water for late irrigation to intensively cultivated land. It will more than Sat 
the value of the crops grown. This additional water 
likened in value to the water which puts out a fire, It will, save disastrous 
losses in. dry | seasons and make possible greater profits in all seasons. _ There e 
is no worry about the payment of construction | costs. The water will d 
and the ‘payments ade. according to contract. A wet 


Government has built two reservoirs on Snake River, one in Wyo- 
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ade Bad the s success of in Tdaho. Only the Federal 


Government could have co-ordinated different interests necessary: to 
carry out a scheme extending over State boundaries. A part of this : stored 
water: is being used» to give an additional supply to 80 000 acres of land first 


: developed and settled as a State irrigation district enterprise. _ After farms had 


water supply was inadequate, | and ruinous losses from failure of ¢ ‘crops were 


uffered in. dry se seasons. Towns “were in ‘Population and business 


impossible to local ‘restored ‘eonfidence and "prosperity. In athe 


‘Snake River development there is no uncertainty | about the - repayment of 
Governmen cost. he: part ‘was repaid in advance by the water users, i 


iprovement of an old development and the ‘complete utilization, of 


3 ‘the resources in land an nd water through an entire drainage area, : are being 
. This kind of | development 


is specially. euined to the Federal Government. It is solvent and beneficent 
nd there is a broad field for its extension. WES 
_ The passage of the Adjustment Act in 1926 , inaugurated a new era in q 


Federal reclamation. The necessity for this legislation grew out of the hard 


times which followed the World War. It made it ‘impossible for farmers on 
‘some to: meet their payments. in 


impossible for them under ‘existing contracts. 


this situation and passed an Act under which the annual pay- 


_ ments of indebtedness in some districts were extended from 20 to 30 and 40 
: years. The land in all projects was classified ‘in accordance with scientific 
soil: surveys ; payments on unproductive lands were cancelled ; land ‘injured 
bys seepage, or which from other causes would not at the time gr grow ‘profitable: 
‘crops, was given temporary relief from payments. The loss. to the Govern- 
ment from this action has been greatly exaggerated. The permanent loss was 


estimated at $14 667 965. Some of this will be recovered. The temporary loss 
was fixed at $12 788 are that: a large of 


om Delinquent were to the construction The Reclame 
tion Bureau was ‘authorized to employ economic experts and practical 
Visers. The foolish idea ‘that practically every one can succeed as an irri- 


gation farmer was discarded and ‘provision was. made for examining home 


“seekers by a local board. — This" has proved a protection ‘to o the inexperienced 
5, and over-sanguine and is giving reclamation a fair chance to show its value. 


4 


‘The ‘Secretary of the Interior has required settlers to have ‘not less than 


developing | farm will cost and 1 to plan their operations with more care, 2 
This Act authorizes ‘the transfer of projects or | parts” of projects to the 


users. Eighteen districts under ten projects have been turned over to 
control in ‘the period 1926-' Where this i is done the Government 


is relieved from any further expense for operation ‘and maintenance. These 
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changes have promoted co- and ee between water users 


and the Gove: am They have improved the morale of projects and | helped 


to increase construction “payments. In 1997 these payments were ‘more than 
“ee $1 ( 000 000: greater than in om previous year. ‘Delinquencies once so alarm 


s had ing have. almost disappeared. ‘Farm practices a are re improving. _ More valuable 


t the crops” are being grown. 
herds, more farm flocks of poultry, pry more gardens. 
In 1927, the crops produced on the 2 504 046 acres irrigated from ‘Federal 
works ‘were worth $133 207 210, which i is an average of $53 per acre, or 

t and one- half times the average acre V value of crops in the United States. . Tt 

nt of value 0 of this one crop almost equals | the. entire debt of settlers to the Govern- ic 
‘ment. Two such crops” will be worth more reste Government has spent 


To complete existing projects wit 


submitted by the Secretary of the Interior to the President and Congress i in 
1926 will require about $100 000 000. As the » average: income of the Recla- 
‘mation is about $10 000000. ‘per year, there need be no ‘nervousness 
about Federal reclamation Increasing the agricultural surplus. during | the 
‘next decade. The endorsement in the Committee’s report of this conservative © 
plan of development and of the other economic changes wrought 


is In its limited field reclamation i is one of the cask, difficult activities 
the Government. The Act requires that all money spent shall be repaid. 
‘That i is sem although the Reclamation Bureau has striven to live up 


to it Each new resents new "conditions and requires the overcom- 


entitles: it to a cored it not always 


“many times: she of the works. Its. to other industries, to 


rural communities which are an economic social strength t 
in land m any times the outlay for works. 
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E. (by letter). §—The interest. shown in 


arch dam is _a continuous structure, | ‘not divided by contraction joints or 

racks” an nd “to i insure freedom from shrinkage cracks, the authors state that 


penings will be left in the dam and that these will be ‘filled in the coldest 


ve The first statement is not quite correct. One of the fundamental cibsins 


of the trial- load method is the assumption of joints both horizontal and ver 


teal. _ These joints : are considered incapable of tr nsmittin tensile stresse 


The writers 


not state that closing plugs would be used to ‘ ‘insure freedom” from ‘shrinkage 


thi is paper i is appreciated. Mr. J states|| “ ‘the authors assume that the | 


cracks. The statement in the paper is “to compensate, to some degre ree, for the f 


; shrinkage « of the concrete.” — The extent of compensation depends on the. tem- 
perature | of the dam at the time of closure, the age of © the previously poured } 


The writers rs had 1 10 idea of ‘suggesting that the plugs” would completely 


fiset. shrinkage. J that “in time when more is known 


ns”, This expresses exac 


Chf. Engr., J. G. White Eng. ‘Corp., 8. en C., ( 


uith, Esq., from ‘Noveuibér, "1928, 
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: ght of the writ 8. 
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‘ity of Mexico, Mexico. 
Proceedings, Am. Soc. ©. Apri, 1928, Papers and Discussions, p. 1: 
Loc. cit., april, 1928, P 


the abutments. He properly questions ~ 


ess of this, as Professor Cain. 


VY 


two Horse Mesa arches. 


vary within wide limits, as stated by Mr. akobsen and Cain. 
Figs. 5 and 8 are for the earliest studies ; Fig. 59 was omitted from the paper 


(a) HORSE MESA 
tee 


4 


—Voussoir Load 


Left 


(b) HORSE MESA ELEVATION 1794 abt ort ‘hast 


—Finan Loap DraGRAMsS FOR Two ARCHES, HorRsSE MESA Dam. 


The method of determining the proportional distribution at the abutments 


— by Mr. J akobsen, i is not quite general. For example, let Fig. 60. @) 


a part of the profile where a sudden change in slope occurs. Consider ; 
three equal loads, and Dy: Using Mr. J notation and method, 


A 
the distribution of shear stress for DP, (see Fig. 60 (b)) is ‘expressed by, 


sin 30° 30° | 0. 5000 _ ott! 
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_ Because they are very close together, the loads must have approxi: imately 


the same distribution and ‘not the wide variation indicated in Equation 


The writer thinks that Mr. J akobsen* -misunderstands- the application of 


In computing the secondary arches, a new center line is drawn 


“through the middle of the -uncracked- part: of the original arch. 


4) 


HOWELL ON ON ANALYSIS OF ARCH DAMS: TRIAL LOAD METHOD ‘(Papers 


used. eS The lines in Fig. 15 are » intended to show the den 
the water load into portions tributary to. the divisions of. the axis. 


Mr. Rich, * as well as others, st ‘states that i in ‘short thick arches the deflections 
caused by v shear are appreciable a and should be considered. - When such arches 


a are assumed to be capable of resisting tension the effect of sheer is considerable. 
However, if the area affected by tension is excluded and if the analysis is 


made « on the r more flexible interior arch the effect of shear has not been found 
to be important in such arches investigated by the walter, This has also 


4 been tl ‘the case in regular arches entirely in compression. Shear is the thrust 
ba times the sine of the angle between the arch axis and line of thrust. If there 


is no tension in the arch the angles between the line o: of thrust: and arch a axis” 

cannot be large because the latter is within the middle ‘third at all points. 

However it is well t to o include ‘the effect of shear since it ia 8 a factor, although 


materially to the w work. 
AM AT KLEVATION 4 


With shear. Without shear, 
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te Springing line 


_ section of ‘the arch at Elevation 1980 of the | Calles Dam is shown in Fig. 61 


(a). ea It has been analyzed under assumptions including shear and neglecting 


‘The area between the dotted lines and the theoretical ‘extrados ( (Fig. 61 


(a)) was found to be i in tension in the first analysis. — If shear had been ‘con- 4 
sidered in connection with tensile stresses the effect would have been consid- j 


erable because the thrust line was far outside the middle third and formed 


Analysis of the nterior arch” (between the theoretical extrados 


- theoretical intrados) which i is entirely i in compression, shows that the difference — 


betwee n the positions of the thrust lines » with shear and without it is too 


small to be platted. The computed ‘deflections and eccentricities as shown 
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with cantilevers in analyzing curved dams. He proposes as the correct method 
_ the e analysis 0: of an arch dam as if it were a curved plate. In this position he a 
1 ‘at variance with all others c contributing to the discussion and most, if not 
all, engineers who have written on the subject. However, “engineering is not 

atter of majorities.” It may be that Mr. ‘Turner i is right . Of this, how- — be 

the writer is yet to be convinced. cannot accept the statement} 
“a 7 curved dam may be considered to a vertical curved plate 
"rigidly restrained at the base and ends.” 


El, 6624, 
‘bat 


ry 


(a) SECTION A-A AT ELEV. "1980. (b) SECTION B-BAT CENTER 


3 it seems to the writer that the only force that “fixes” a dam to its base 
in a vertical direction is its own w weight plus whatever vertical water load | 


it may carry F urthermore, the only force | that: “fixes” a ‘a curved dam to the ee 
horizontal direction is the arch thrust. if the resultant of _ 


forces is outside the middle third in either ‘direction the dam will tend to 
rotate in at direction. It cannot then be considered as fixed. dams 
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nstruction joint. be The writer knows of no 


student in the engineering mentioned by Mr. Turner* 7 
be considered deficient in in knowledge of the ordinary theory of conerete design < . 


ia and practice if he proposed to take advantage of the tensile e strength of con- a 


ete in the design of a jointless concrete beam. . Yet some post- -graduate q 


1s, Figs. 18+ and for. deflections of the 


PP 


and states,§ “the graphic method determines relative, 


not actual deflections’ > and “the agreement between the relative theoretical | 
measured deflections [of Engi close 


diagram of computed 


toa diagram of observed deflections, but which is entirely lacking i in easki- 


tative data by which ¢ quantitative comparison ‘can be made, cannot be e accepted 


as a scientific proof of the method of computation. = 


Furthermore, as far as the writer can ‘see, ‘Mr. Turner’s ‘not only 


assumes tensile strength where it does not exist, but takes no account of ‘the 
different radii of the ‘different parts of a dam, the varying thickness, or of 


asi, Fig. 19 (a) \ does not at all resemble. the actual plan of Horse Mesa Dam. 


Tf it was used in Mr. Turner’s analysis and if the results are correct it would 
that the plan of an arch dam has nothing to do with the analysis. As 

far as the writer can see, , Mr. Turner's method will: show the 4 

deflections” if the i is 3 straight, slightly -eurved, greatly 

thick; if it acts under a in or or if it is 

ational method may be. devised in the future, by which 


all the ‘involved factors i in n the problem can be consi 


Constant] with “the first ‘thr e conclusions in the paper. 
For the fourth he presents ark method 0 fa tails the use of 4 

influence lines. For -eireular arches of ‘constant t thickness without 


this method should be x more rapid than that given in the paper. _ aE ete | 


In all the dams’ thus far studied by the writer been thought 


advisable to increase the abutment thickness either because > of pressure in 
arches or to provide for the formation of adequate interior arches 


cit., p. 1591. 


Loo. cit., p. 1589. 
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the shapes of which pe with each trial computation, the influence- 
line method may not be advantageous. ts! 
Mr Hanna,* as did Mr. ‘Rich, notes the neglect “of: shear and develops 


formulas for including it. He also calls s attention to to the fact that ‘the , arches do 
“not deflect radially except at the crown and that the lateral cantilevers are 3 
affected by the torsional force required to twist them to the deflected arch, and | 


Dr. Vogtt st states that this effect is not appreciable. This matter wae 

considered by the Committee of Engineering» Foundation on Arch Dam oft 
Investigation which found the effect so small that it was neglected.t © 


es. Mr. Mensch gives a clear exposition of a cireular arch under normal loads — 


an analysis for There are several excellent methods and 


He states,§ “* 


at the sections.” One this has not 


done is" that the erroneous belief persists that unreinforeed and jointed | con- f 
crete. can resist tension in arched dams. Another i is s that i it wanally results i in 


trial-load ‘method by: the “engineers of ‘the Salt River Valley Wate 
Users Association. In the lower arches the new design is a radical departure - 


rom ordinary practice. _ These : arches } were materially thinned down a at the 
points of -contraflexture so that all the voussoirs, instead of just ‘those at the 


crown and abutments, carried approximately maximum stress. ‘This 
thinning at areas of Ic low stress is is analogous t to Mr. “Mensch’s / suggestion|) for 


thickening in regions of high stress, yal tif 


This also resulted in reducing and rib- -shortening “stresses 
ie Ae because the arches were made more flexible. Fu urthermore, a saving 
Bi 
of about: 12 000 eu. yd. 0 over the original design was. made. The lengthen 


4 


ing “the arches’ of the original design would have required about 13 000 
cu. yd. additional, that a total saving» of about. 25000 cu. yd. resulted. 


oreover,, r, the ‘arches are more ‘evenly stressed. than i in the original design. 
4 In ‘the Calles Dam, designed by ‘¢ ulian Hinds, M. Am. Soe. ©. E, F which 


has been completed x recently, a part of the concrete in the tension areas , at the 


‘ abutments of the lower arches was omitted, as shown in Fig. 61 (a). The rock 
was simply left in place and the upper arches, while vere re lower 


¥ 3 * Proceedings, Am. Soc. C. E., May, 1928, Papers and Discussion 
Loo. cit., November, 1928, Papers ‘and ‘Discussions, Pp. 2516. 
§ Loc. cit., 
|] Loe. 
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ones, were ‘actually ‘supported on undisturbed rock. 
‘at the Horse Mesa and Calles Dams can 
and will be made in the future by omitting the unnecessary parts” of me 


arches. The writer believes it is ‘practical to support the overhang, if neces- 


‘sary, , on piers | or webs. He i is in complete agreement W with Mr. Mensch* * that 
its would bei more ‘satisfactory if cantilever action could be eliminated. This, 
cannot logically be done with vertical dams. section of “any 
"vertical wall will carry some water load . This cannot be reasonably neglected. 


considering the arch loads. Vertical elements in ‘inclined dams can carry 

‘no’ water loads; the arches take it all. The problem is thus simplified. | 


The writer believes that inclined arch dams with tension : areas. ‘dliminated 
nd with thinner sections in regions of low stress or thicker ‘sections 


regions of high stress, will be common in the future. 1G 


Professor Caint points cout the fact that the method as 
oe. the friction between the arches, and that this neglected factor shoremrnerrstaggt 


eat 


their strength. Dr. V ogtt also goes into this matter of tangential resistance | 


in more detail and shows that in wide dam sites ‘it is an appreciable factor. 
It is ; pleasing to. the writer that. ‘Professor so strongly emphasizes 


he fact that tension ‘cannot be transmitted across” cracks or con- 
struction joints. _ This error has been most persistently retained in other 


methods of analysis. ~The statements | of Professor Cain will go far in - eliminat- ‘ 


_ The writer is indebted to Messrs. Savage and H Houk for their discussion. i 


‘It clearly explains ‘the latest development of the trial- load met hod. 


believes their ‘discussion will extend the use of this method generally. 


Returning for the ‘moment to the | effect: of f shear, attention may be called 
to Fig. 50.4 q This arch has appreciable a areas in tension. Both lines of 
‘ thrust (with and without ‘dieat) are outside the middle third. tit Tf the shape of | 
3 the arch were modified by increasing the abutment thickness so as to permit — 


an interior arch » to form, which would be entirely in compression, the line 
pe of thrust would be within the middle third. _ It would be more nearly parallel . 
to the center line. Therefore, the effect ‘of shear would be materially 
= site is reassuring to know that: in the ca case of the Gibson Dam al 
methods indicated no substantial changes in the results ‘given by the original 
_ computation. Horse Mesa i is the only dam | designed by the trial- load method, 
as described i in the paper, which is built and u nder_ full 1 oad. The water 
We surface. at Calles i is about 50 ft. 


highest of dams and probably the by world. 


shows no sign of distress and has carried its full load for eotenil | years 


eee Soc. C. E., August, 1928, Papers an 
R cit., November, 1928, Papers and Discussions, p 252 . 
. cit., August, 1928, ‘Papers and Discussions, p. . 1897. rei 


. cit., October, Papers p. 2317. 
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; concrete was. incapable of taking tension; that the of elasticity was 


2 000 000; and that there was a of Fabr. The load tests 


imur by this was 1600 Ib. 
in. a The maximum given in the Report: of the Committee of Engineering 
oundation on Arch Dam Investigation* is about 1100 Ib. A change i in Sage 
temperature between 8° and 3. 5° gave a stress of about 100 lb. ‘per sq. in., or x 


drop of 20 is seen that this. crude based on a ssumptions 


total of 1 200 as against 1 by the analysis for a temperature 


of the Horse | Mesa, Gibson, and Owyhee Dams. To th this list be added 
the Calles Dam, previously mentioned. This i is 


overhang i in the central section, as shown in Fig. 61 (db). 


it is indicated that future efforts be directed 
4 toward ‘alterations in the type of structure, such as would eliminate, in part 


at least, * * *, some of Bs uncertainties which are inherent in * * * 
With this statement, ‘the: writer is in complete accord. 
. 
_ Dre Vogt discussion§ is” constructive. He points out, as 
Noetzli,t that, ‘once a crack has formed, the occurrence of adjacent cr cracks in 


the concrete is not pr robable. The writer thinks this point is well taken, and 
that it constitutes an uncertain element in considering | secondary arches”. 


: He also believes that removing the ‘material down to the surface of the sec- 


_ ondary arch does not | impair the strength; it is: a distinct advantage in that 
it makes the analysis definite, the arches “more” flexible, and saves 


material. Attention properly may be called, however, to Fact that most 
dams are | built in comparatively lifts. Bach lift , therefore, is bounded 


by construction joints. Tf not. "reinforced, these joints cannot: ‘consistently 
Ki 
be assumed to take tension. To the writer’s mind this condition justifies th 


ssumption that ‘cracks, will occur whenever the resultant is outside the 

- middle third. adh. gravity section which shows tension at any level will tend 

to open up at that level. The same action may be expected in the vertical 


The proposal “mentioned by Dr. to improve arch action n by pressure 
x ‘routing was ‘made several 5 years ago by L. R. Jorgensen, M. Am. Soc. ©. E. 
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site: be theoretically correct if i 
frst mae as the writer is aware, it has never been actua 
wi It may be difficult to secure a uniformity of pressure distr 


almost impossible to be sure of it. demons rate its 


955 


$ 


Distance of t i 


___No Load- Temperature Drop 20°F. 


T Load Line for 
rch at Elev, 40% 


Arch Deflection tves 


Line for 
Arch at Elev. 20 


ds in 
f-Square-Fo 


10 
Scale of Deflection 


- Distances from the ¢ Centeri t Load in Pounds ie 


Fie. 62 o STEVENSON Creek Dam BY THE TRIAL- LoaD METHOD. 109 
of the ‘Dam consideration was given 


using jacks in the gap of the closing plug to compensate in some degree fo . 


shrinkage. It was proposed to ‘conerete the jacks i in place. ‘The ‘computations 
re ndicated | that it was quite possible to deflect the dam 1 up stream appreciably — 
ty a reasonable number of jacks. Certain mechanical problems © arose and 


the time necessary to solve them prevented this experiment from being 
pleted. ‘The ordinary | concrete closing-plug w was used. There will be -mechan- 
ical difficulties in the grouting process" also. 1 


‘The proposal* to cool the dam by circulating water through it is i 


ing and seems benefits will ‘warrant the expense, 


* Proceedings, 
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states* that three additional factors might well be onsidered. 
"Bending due to stiffness against torsion (mentioned by 


_ Mr. Hannat), and the stiffness against tangential displacements . The first he 
“believes: will usually b be negligible. tn two cases he found ‘that torsional 


resistance re reduced the stresses slightly, and he, therefore, recommends that this 


factor be neglected except. perhaps very thick dams. He states that 
"resistance against tangential displacements is of ‘considerable importance 


at wide: dam sites, and gives mathematics for an approximate solution, 
together with the results of an interesting model test to ean his con 


His thet dams_ may possibly built without 
al 


balidonens 3 is startling t is $ not evident to the writer how the usual multiple- 
arch section could be deprived of its buttresses, stood up vertically, and at the — \ 
"same time be safe from sliding | even n if the arch thrusts could he theoreticall 


carried . across the various waite. 


a 
Regarding cases§ in which gravity abutments failed and tie arches 
std, ‘it should | be stated that one 0 of these dams, the Moyie, was” completely 
reinforeed by 20- Ib. rails o ‘on 2-ft.. centers, both horizontal and vertical. | The 


Sok her, Lake Lanier, was reinforced for the top 12 ft.§ of its total height of 60 
:™ ,l| or 20 per cent. At the end of the arch where the abutment failed these 


12 ft. comprise about: 45% of ‘the height. ‘The | reinforcement could not help 
tiffening the arches against tangential displacement during the failure of 


abutments. ‘If the arches had not been the tangential resist- 


arches. He then gives some of his own. te 
; ‘Summing the results of the discussion it may be sai 


conclusions in the paper are by all but Mr. 17 


“ments in the treatment. was expected welcomed. 


It was distinetly stated** in the | paper that the method 1 was not considered _ 


complete. fee . Several o of the omitted factors | were specifically mentioned. tt The Mees 
iscussion has | ‘shown how 1 tangential resistance ¢ and shear e effect may now be 
] Dr. . Vogt has dealt with foundation deformation 80 ‘that it may 


also be considered a time, it seems that it . will be p possible to ‘include: all 


bu 


cit., May, 1928, ‘Papers and Discussions, p. 1601. 
Loc. cit., November, 1928, Papers an Dp. 2523 
uM Engineering News- on Vol. 97, 1926, p. 616 
{ Proceedings, Am. “Soc. November, 1928, Papers and p. | 
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is “believed that the -trial- load gives a easonably accurate 
analysis. The eonception of vertical horizontal elements supported 
a by the Stevenson renee In the report t of the Committee of of Engineering 

Foundation on Arch am Investigations,* it is Siw 


or the most part ‘the directions of the principal strains were: approxi- 
mately vertical and horizontal. This indicates that the division of the dam 
into imaginary vertical and horizontal elements for purposes of analysis not 
only serves convenience, but also indicates that the stresses found in this 


"manner will generally be close to the principal stresses. 


An inspection of the plans of the dam designed by t is method will: 


that they are economical in material. The discussion has” ‘shown that the 
method the maximum stresses conservatively. urther “develop-— 


ment of the method is expected to result in more accuracy and increased 
tay 


"economy both in material and in time of ‘designing. 


For ‘small thin dams with large | central angles the of trial- 
ee method may not be necessary. — For such dams the formulas developed | by 


Professor Cain are ‘thought to be adequate. For high thick dams anid’ esr espe-_ 


cially for those with small central angles and irregular profiles the writer 


thinks the use of the trial- load method i is advisable. His thanks are « extended | 


Proceedings, Am. Soc. C. E., May, 1928, Pt. 3, p 9 
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ina 


engineers. These ‘were the ter of hydraulic science, “not. 


; _ withstanding the fact that it required more than a century of their earnest _ 


_ work te to place the square root sign in the formula for the discharge | from: an 


| orifice, a and 1 that ak hundred ; years still later 3 it remained for a French engineer 


‘During the Middle Ages, Northern Italy was the world’s greatest | center of 


y 


= 


next forty years than has been learned by work on the river Fone} in the past 


e ork 


the principles of river hydraulics i in the various engineer- 
ing, colleges of t that country, while t! this subject i is commonly ignored i in Amer 


jean engineering colleges. — ‘The writer understands that every im- 

Discussion of the paper by John R. Freeman, P 
tinged from Negember, 1928, 


and Discussions, iw 
4 


edd 

lop» 
sed FLOOD CONTROL ON THE RIVER PO INITALY 
a q _ kindly words of Colonel Townsend|| about the information given in the paper eee f > 

- regulation and flood protection the foremost professors of physics and mathe- oes a 

matics of their time. The writer believes that students in the new schools of = -_ 

i hydraulic research at the great engineering colleges of Ital —with the aidof _ 

4 

a 

— 

— 
3 
| Proceedings, Am. Soc. C. E., August, 1928, Paper 


ortant college in Easiial has a Professorshi in River wilh Harbor H 
| while there is not yet one in any college on the American Continent. 


The fundamental reason for this i is that no attractive career ek even 
the brightest student from the foremost engineering -college—whichever t that 


might be—if he begins | and continues as a United States Assistant 


He} can . never rise to the ‘top and have his name attached to any important | 
structure (vide the “experience of the late Alfred Noble, ‘Past- President, Am. 


Soe. CO. E.). Up to the present’ time ‘the c only y door « opening to ‘such a career is 
way 


way of the National Military Academy at West ‘Point. While the eminent 
Army hapsemened may retire at the age of 65 with a pension of about $5 000 per 


annum, and thereafter carry on a lucrative consulting practice, even the 


- ablest civilian engineer on river and harbor work ‘in the United States must q 


n al 


either resign, or work on t about one-half ‘the salary of the Point 
graduate until he is 70 years of age, when he will be dismissed, with'a 1 pension — 


The Army method, which largely makes voucher clerks of 


Army Engineer’ 8 ‘staff, and after few on any one problem shifts 


ime me 


ssume that any one man out any man of grade—and that 
| necessity: in the field of battle; but the fundamental facts of huma n- 


| 


shoe remain—that probably not one good average engineer out of ten (per- a 

haps only one out of a hundred) has the inborn talent to become a great 3 

research man and develop that initiative which advances" the science and the 
f 


Colonel Town 


ing river problems.* ‘If he should visit Italy and again he would 

amazed, as the writer was, to observe the development of that most useful 
of aids in. experimental research, ‘the Doctrine of Similitude, with the use « of 

small » relatively inexpensive models, which is now placed in the hands of the 
skilled engineer striving build better hydraulic turbines, , and those 


engaged in river and harbor engineering. It is the tool ever in- 


— for advancing the 


% tidal action in harbors, just as the naval ‘tank j ‘in n the hands of rosa j fifty 
years ago, | ve a new departure for problems i in ship modeling. 


ae So rapid and recent is this progress in the method of attack‘o “on hydraulic | 
problems+ that many people have overlooked the remarkable research made in 


‘the hydraulic laboratory of the Engineering C College + at Manchester, England, 


on the projected creation of a a great 
across the estuary of f the Severn R River. Iti is interesting | to note that « a ‘model 


of the river and bay, 40 miles long, i is housed in a room 45 ft. square, ‘and is 
structed w with such nicety and accuracy of detail that it cost about $10 000. 


Soc. C. E., August, 1928, Papers and Discussions, p. 2002. 
pub. 1929, the Am. Soc. Mech. Eng 
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at Delft; the and» the 
Slovakian at Prague. such hydraulic laboratories are not 


"Gol known i in a Tialy for centuries ts now y taught in the ordinary textbooks 


-t of the e engineering ig schools of wrenches It is the firm belief of the writer that 


the applications: of the doctrine of hydraulic similitude. 
* Johiete diffic ult for a stranger ina foreign land unfamiliar with the language 


make su sure that he correctly understands the data ] Placed before him. Hence 


tions” . Professor Giandotti_ of the finer points. that 


w yriter missed. Furthermore, the discussion because of the proof 
given. in Fig. 144 that, although the | elevations o of the river bed flu uctuate from — 


pon to year, as. as the volume of sediment i is moved along, and that ‘ ‘while they + 


are never the 6 came i from year to year, the elevations always oscillate about 


line of equilibrium and show practically ‘no appreciable net change. alin, 


ie ‘The discussion by Mr. .Goodrich§ is of interest because of comparisons o 
ci conditions along the Po with tl those along certain v waters in C Chihli in Northern 


China. This. confirms similar statements once made before the Society by the 
writer whieh: at first were regarded as unbelievable. The percentage in volume 


of silt to water brought down by the River Po is surely ee, moderate as com- 


pared with that of some of these Chinese rivers. ods 


ih Mr. ‘Grunsky’s s contribution|| is of particular interest in further emphasiz- 
ing the difference in the problems of flood control presented by rivers in 
Various: parts of the United States and of f the world. _ Surely, b however, the 
fundamental | laws and principles of. erosion, sedimentation, and stream flow, 


apply to all. The differences mentioned by Mr. Grunsky result simply from 


“different values of the factors 1 in the same general equation, by the 
variable circumstances of ‘the drainage area and t 


localities. ‘The writer has been impressed with the in 
4 ments, or material shoved along by the current, in rivers with rapid slope 


leading out. from the Alps as compared | with those found in the beds of most 

American rivers in the East. On the other hand, in rivers Comming, down the 


n the Alpine viveds. 
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ON THE Po 


“necessary depth by than dikes and retar 
the writer suggests” that dredging: was long a ago. developed to the x 
possibilities of efficiency, while spur- dikes and retards” of twenty years ago 
may have fallen very far short of the best that could 


e devised by: further, studies in the laboratory and in the 


a has come to re- open some oi the questions that a considered 


as 


Colonel Slattery well describes the ‘marvelous efficiency ¥ with which levee 
were topped out by sand- bags during the Mississippi flood of 1916. The v writer, 


as a student of river hydraulics, followed the g greater ‘flood of 1922 along down 


the river, and was thrilled by the wonderful ‘rapidity and ‘efficiency with which ; 
levees were ) pieced 1 up and s 


plished anywhere i in the , world, : in times of such great emergency. Much of it 


done by ‘civilian engineers’ and chiefs of levee districts. (Nevertheless, 
the work along the Po in the great flood of 1927, by which 30 miles of sand-bag 
- dikes were placed on top of the dikes of the river, which rises very | much more 


rapidly than the Mississippi, is of a similar order of ‘excellence and probably 
superior in some of the details. The sudden rise of the Po | permits ‘no such 


latively leisurely preparation ‘in collecting froma thousand 


q 
cision 


‘Regarding the fact, like’ “overt 
an unmitigated curse”, th the writer ~ 
the system along the River Po, where two sets of dikes, one near the 
river and ¢ a . higher one e farther back, | with numerous cross- sections, ‘thus per- 


an ‘occasional overflow and enrich hment of the broad strip near 


dation the Po ‘does’ not pitch ‘back from the river, or decline i in ‘altitude, 


to any such degree as that along the Mississippi, where, in general, the bottom-— 
lands near the river are - fully 5 ft. higher than they. are a mile back. This con-— 
ee dition along the Mississippi i is adverse to arranging a system of double ‘dikes 


as along the Po ; but the writer is strongly inclined to believe that thorough 


study. would show that a double dike system in certain parts of the 

- delta would give the best possible protection, and by y proper design | of intakes 


would permit periodically flooding the intermediate land for ‘restoration of 


fertility. In contrast to the Po, the dike nearest the Mississippi should be 
_ the main line of defense, and the series of secondary dikes, running in straight 


Times about 4 mile back from the apex of bends, should here be 


‘as the second line of defense, which would ‘Prevent the flood from : 


‘ — and flooding, for example, the acacia from an unsus- 4 
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it the Po was : stead 


Dr. de Thierry+ who was born Northern Italy, knows the 
F language, , and the work of the Italian engineers. _ Perhaps his most useful co 

< tribution to this discussion is that about the time factor involved i in the study 

and working out ofthese great river problems, which he | suggests is a matte 
apt a century or $0; and, that ‘ “the Po, like | every other river, is, in effect, 


living organism, study of which equires more the lifetime 


man. 
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: ic its 
H. M. Am. Soo. $—Full scale results, 


Smet actual operating | ‘conditions, are most valuable to the engineer - who is 


faced with a problem of design. Had information 2 of this kind been available 


ond expense would have been saved to the District. 


There much of value in this. paper which unfortunately annot indi- 


in reducing destructively high velocities ; and (7) a most emphatic demon- 


stration of the effect of soil conditions on run-off. 
z There is a slight difference in the discharge factors of the Ragleneed an 


| Germantown conduits which, apparently, is hard to account for at this time 

‘ ‘The’ writer believes, howe ever, that when more measurements are available an 
a ‘more detailed study has been made, this ‘difference will be reduced or ex 
plained. Asa matter of fact, as it now ‘stands it is not of great importance, 
except a logical reason for is not apparent. Both conduits show a 
larger actual discharge than indicated by preliminary | estimates. Thi 


not surprising : First, because of the inclination to throw factors of safety 


stream flow ander high velocities ; 6) ‘effect of the jump 


 * Discussion on the paper by C. H. Eiffert, M . Am. 


a Cons. Engr.; Managing Director, pape Industrial Assoc. 
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many years of u use ‘were in ak ‘rather than conditions at this. time, e, when the 


‘conduits 1 are practically new. Fortunately, and perhaps: for the same ‘reasons, 


he river channel sections appear to have. capacities larger. than were 
determined ‘by preliminary estimates. these comparisons ‘hold for the 


higher ‘discharges, that is, if both the and the ‘improved river chan: | 
nels have larger discharges than were estimated, that in itself will tend to 


maintain the balance of the system 1 asa 2 whole, A If for any reason it is s desired 


this can be done easily and at small expense 
the inlet ends a as much § as may be desired. 


storms of ‘September, 1995, and March, 1997. Both storms were enough 


to be classed as important. From a study of the rainfall records alone, the ; 
September, 1925, storm would be expected to. cause the heavier run-off. "Due 


in 


eae his rainfall of 3.2 in. in 2. 5 days 1 was hardly noticeable. The | same amount 
rainfall in 1927, spread out over 40% more time, caused 
discharge twenty- -two times as large as the other. This is a remarkable 


demonstration of the Silent of applying a formula for run- —* 


Mr. Eiffert is to be for his careful it is ‘hoped 
Gis pe trig 


more information | of the same kind! w be available to the 


conditions of the soil over the drainage area, however, the run-off ern ‘ . 
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THE DESIGN OF TALL BUILDING FRAMES, 


iscussion 


obalonti- M. Am. Soo. C. E. bess, 


M. Am. Soc. ©. E. (by letter). |The discussions | provoked by this paper have | : 


been extremely interesting and it is certain that the ‘profession has benefited y 
by the valua able points affecting er design which have been | brought | out 


‘methods of calculation which heretofore had 3 ‘not been generally -availab 
writers wish to correct m appearing in “several of the 


discussions, namely, that the proposed method claims to be ‘ ‘exact”. It cer- 


‘should be classed among the so-called “approximate” methods, but it 
s believed that t le proach nearer to those of the elastic 


The entire on the vali ‘ar nd, of 


the steel There can be no that the stiffness 


walls and partitions materially assists the steel frame in resisting ‘distortions | 


to lateral forces ; nevertheless, effects of the Florida hurrivene. in 


1926 prove conclusively’ that buildings with steel frames properly 


“quately proportioned, s ‘suffered no structural damage, while others, in the 


steel frame was weak, The added 1 strength provided by the walls and 


partitions is utilized 4 in all ‘building codes and specifications, » When the win 


® Discussion on the paper by Albert Ward Ross, Jr., Jun. Am. Soc. Cc. BE. , 
Morris, M. Am. Soc. C. 'E., continued from April, 1929, Proceedings. 


Aircraft Eng. Dept., Ford Motor Co., peli 

§ Prof. of Structural Eng., State Univ. , Columbus, Ohio. jrogait 
Received by. the Secretary, March 28, 192 
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N TALL BUILDING FRAMES T RESIST WIND Papers. 


oads are speia at fro ' 16 to 30 1b. per sq. ft. , it is s known ‘that a 


wind velocity of 120 ‘miles | per hour will produce pressures as great as 50 lb. per 
8. » ft. _ From this, it is evident that, for safety, the structural frame must func- 


_ unit, independent of. assistance e which it -Mmay 1 receive from the 


‘architectural clothing” - if the steel frame does 80 ‘function, and ‘is properly 


sis ust do so in accordance with ‘the ‘elastic theory and not any 


given set of arbitrary assumptions ‘regarding the location of points of contra- 


and distribution of shears or direct stresses: AG 


Re The assumptions of the slope deflection method as developed by W ilson and 

: Siegen are believed to e ‘adequate. to ) produce ‘results closely 1 in accord with 


16 elastic theory, but the labor is Hence, the attempt of the 
riters to develop > empirica curves fc ny set of 


16 and 
yuse the two to ¢ act together as a unit. ems is not true of the ics if they 


are reinforced concrete slabs ‘poured around the > steel beams | and girders, ‘end 
itis the belief of the writers that the effective moment of inertia of the floor . 


girders, used in calculating the values of. K, should include an estimated 


re. 
; amount { for stiffening effect of the slab. This. might be done by considering t the 
‘ top flanges of the | gigders to be augmented by a part of the concrete slab.as is 


has been by. several engineers, that, the floor- -slabs constitute 


a rigid diaphragm at floor, causing all. the columns to deflect equal 

amounts and that, ‘therefore, the distribution , of stresses ‘should be calculated 

by considering the building as, a whole instead of bent by bent. cs If it is possible 


i to gn i the bents of stiffnesses which are symmetrical about the center line of 
the building, this method offers some advantages. If the bents are stiffer at one 


e building than at the other, due to ‘the building being wider a at 


one anil than the other, or ‘te. a different column | arrangement, the wind forces 


will produce a a of 08, Was, Slearly, the, Meyer Ki ‘Kiser 

uildin in Miami, F lat to 4 gi mottairay oft low 
Many Tumors are heard as ‘to. the amount of deflection occurring, in tall 


buildings during wind storms, bu ut few authentic measurements are on record. 


very, small movement, if rapid, will cause uneasiness an | apprehension on 


of tenants, while much larger with a period. of vibration of 


OF more, would be. unnoticeable. The deflection and time of vibration 
a iT-story bu bu ilding, 4 40 ft. wide, were measured during a storm in which t the 


win reached a of 44 miles hour, by. Oyrus, A, Melick, M, Am. 


0. E., 1910.§ The deflection was from to 4 in. and the period of wibra- 
_ ton about 8 8 sec, _ The calculated deflections of this building indicate that. the 


walls and partitions reduced the deflection about 40 per cent. Measurements 

a like nature are now being made in the American. Insurance Union Build- 


Journal, Western Soc. of Bosra Vol. 20 (1915), p. 341. 
«Final Report of Committee of the Structural Division on Florida Hurricane, Proceed- 
ngs, Am. Soc. C. 1928, and Discussions, p. 1758. 
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‘ing, at Columbus, Ohio, and it is s hoped that ‘they will reveal more facts 


ee 
Reverting ag again to the assumptions made in calculating wind stresses, 


Mr. Orrell* calls attention to the effect of direct stress in the ‘columns | on n the 


‘ew 
bending moments in the girders. The direct stresses in the co umns, due 


wind, ‘are the ‘results, and n ot the cause; of the bending the 


girders. The direct stresses in the columns are the algebraic sums of the 
shears the connecting girders, while they will probably ‘modify the 
"stresses | slightly, their total effect will be small. 
The curve (Fig. 8) which ‘Mr. ‘Ebling presents,t locating the points of Ape 


contraflexure i in the basement: -story columns, might well | be used ed instead of the 
analysis given in ‘the paper.f | ‘In fact, the writers question | the 1 validity of the 


assumption that the bases. of. the basement- -story y columns are fixed by ¢ con 
struction. Careful measurements of the dead Toad unit stresses around the 


periphery of ten of the basement- -story columns” of the American Insurance 
‘Union Building§ indicate dead load bending moments near the bases which a are 


probably produced by base slabs that are not set t absolutely level. The maximum 


bending moment developed would be accounted for by a variation in level of ‘on 


in, per ft. _In worst column the dead load ‘stress: on one ‘side i 
about 10 000 Ib. per sq. in; while on the opposite side it is less. than 2 000 Ib. 


per sq. in. Inaccuracies, in leveling ‘the column bases’ or subsequent small 
unequal settlements w would destroy the fixed end condition. 


2 In conclusion, the writers wish © repeat the statement| of Mr. Fleming: 


‘am ‘Let it be emphasized that no method should ae used for the ale: reason Ne 


‘first, regardless of the time it takes to provide for i it. ps3 of time to make a 
- better one is not a valid excuse for an engineer to offer for a poor design.” 


Am. ‘Soc. C. E., January, 1929, Papers and ‘Discussions, Pp. 19 199. 
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This meee. is not responsible for any "statement made or opinion expressed — 


THE ‘STIFFNESS OF SUSPEN SION B BRIDGE Ss 


5 IMOSHENKO, 


Esq. (hy §— ~The advantages of applying» trigo-_ 


series to “the investigation of ‘cable stresses in suspension “bridges 
were “confirmed in ‘several Papers” published during 1928. Martin||_ proposed 


i this ‘method independently at about the same time as the writer, and used it i . 
‘haggering the paper by Leon Ss. Moisse iff, M. Am. 1. Soe. C.E,, on the peer 


-~Bridge-{ Professor Steuermann** showed that the method can be applied not 
only when the moment of inertia of. the stiffening truss is constant within the 


entire span, but also when it is obtained very satis. 


tied results for the bending moments in the stiffening truss by usin, ng t the 
writer’s tr trigonometric ‘series method for the deflection of ‘the truss, together 


Fal 
with» approximate formulas « of J. ‘and Pigeaudgg for the 
calculation of the change in cable stress. Professor: Priester||| “developed 
the application of the trigonometric ‘series method for eases in which the 


able is attached to. ‘the towers and a concentrated load acts on the span. On 


he basis of this work, he concludes that the numerical calculations i in the 
‘trigonometric series method are than “those. i “deflection, 


the paper by 8. Timoshenko, Esq., continued from December, 1928, 
Prof. of Eng. Mechanics, Univ. of Michigan, Ann Arbor, Mich. 
§ Received by the Secretary, March 28, 1929. 


ie | Engineering, Vol. 123 (1927), p. 506; see, also, Engineering, Vol. 125 (1928), 


L. Proceedings, Am. Soc. C. E., December, 1928, Papers and Discussions, Pp. 2737. Toon ¥ 
tt “Cours de Ponts Metalliques,” Tome II, Premier 
Paper to be published as an 


fession They writer, if the title “ot the paper seems 1 
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timates. ~The intention was ‘to develop a method of anelyzing ‘cable stresses 

n “suspension bridges without involving ‘some of the ‘arbitrary. ‘assumptions 


of t the usual method, ¥ and, at the same time, introducing one that would be 
- simple enough for practical application: The fact that a more ‘rigorous: | solu- 


i ith fi licat f the 
‘obtained with less.” work k, justif es 3 the applica of. series rom t he 


engineering point of view. - The writer agrees with Mr. Frost that, the paper 


ia ¢ 


8 of the kind that serves only a small minority, ‘and papat it is of little aoe | 
+ 


discuss the: 


neering analyses are based, to be sure that they are ‘accurate enough a 


raises the question as to the change | in _ the cable stress due to ‘the live ‘lend. 
This ‘change can be calculated by the method developed in the paper. 


be shown i in this case that it is small, and ca can be neglected in calculating the r 


approximate value of the Ref rring to Equation (23),t is I 


Pe regrettable that the complete derivation was not given, in order | ‘to. ‘compare i 


Thal mana cr 
calculations mad e on the basis of the usually ‘accepted Equation’ (4)§ with 
those made from Professor Rode’s more accurate equation, 


- The discussion|| of Professor Steuermann = represents a very interesting 


development of the proposed Fourier Series x method, Tt is sh own by Ghine 

this method tha t the case of a with variable ‘rigidity can. easily be 


2 analyz Ta this way Professor Steuermann arrives at the interesting con- 


clusion that a considerable reduction ‘in rigidity at the supports of a truss 
has on y 8 ight “effect on the agnitude of the cable stress. This result is. 


practical importance, an ‘and the advantage of designing stiffening 


The discussion by Professor Priester represents several interesting ex- 

amples of the application of the proposed method. contains ‘also ealenla- 

tions which prove the accuracy of this method i in determining the cable stress. 


artt it * a ofe 


fhe 
The discussion of the live load applied in two increments s establishes the error i 
which may be expected in applying the principle of superposition in discuss- 
— ing such structures as suspension bridges. The stress analysis with the hie 


fixed at the towers gives a simple solution in the form of a series to a problem : 
which was formerly solved on r by the tedious “cut and try” ‘method. By 


usi sing the ‘series method, Professor Priester also. obtained the ‘influence lines 
for the ¢ cable stress ess and for the bending moments. _ These permit t the deter- 


q 
In conclusion, the writer wishes ‘to thank those who, , by their —. 


‘contributed to the completeness and usefulness of his paper. 4 


e Proceedings, , Am. Soc. C. E., October, 1928, Papers and Discussions, p. 2406. cae a 
cit., May, 1928, Papers and Discussions, p. 1467. - 
. cit. , October, 1928, Papers and Discussions, p. 2407. ¢ 
. cit., May, 1928, Papers and Discussions, p. 1466. 


1240 TIMOSHENKO ON STIFFNESS OF SUSPENSION BRIDGES 
4 
* 
2 
4 
— 
| 
Me 
| af 
— 
| 


SOCIETY OF orvit. ENGINEERS 


NSTITUTED 1852 | MLR 


PAPERS ‘AND DISCUSSIONS 


fede This Society is not responsible for any statement made or opinion expressed» 


ENGINEERING FOUN DATION COMMITTEE ON 
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ARCH DAM I 
with 


ork 


e test values with those obtained from. existing 
mv hich will agree with the 


“5, formulas; or, in case this pe to devise formulas w 
tests, Ih Section 68,§ Professor ‘Slater com 


iyi") 


arch stresses. The writer was inclined to expect a disagreement due to the 


fact that the dam was badly cracke : 
sufficient to vitiate the results of this immense amount of work. Fortunately, 


is is not so for the arch at Elevation 30. The theoretical formulas: for 


‘stresses in arches: are based on which ‘innumerable 


resses at Elevation the water is even ‘the: crest of the dam 
because 1 the test is rather complete. Inc order to ‘compare test results 


theoretical values, the stresses we were computed for a number of points b by- 
Ca ain formulas rch loa sam me for every 

of the arch, which is s only approximately Slater 
has shown** that the formulas for foundation eevee ae by Dr. 

agree closely with test results. 


of the foundation can ‘be approximately — 


ss * Discussion on the Report of the Committee of Engineering Foundation on —? Dam 
Investigation, continued from April, 1929, Proceedings. 


+ Cons. Engr. (La Rue & Jakobsen), Los Angeles, Cali ey oad a 


Received by the Secretary, February 8, 1929. vat 

oe § Report of Committee on Arch Dam Investigation, Proceedings, Py 

Loe. eit., ‘Section 68, p. 187; also, Fig. 114, p. BES 


§ Transactions, Am. Soc. E., Vol. p. 233. 


Am. Soc. C. E » Section 42, 124; also, Fig. 82, 128. 
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"When the moment is is _of greatest “importance in deformation » Dr. 
gives h, 0.45 ¢ which, ¢ t is the thickness of the arch. 


normal force ‘and shear are _ more important, h, 1 must be sive en a larger 
value. s the 


since = = 0, 45 ite te = 0.9 0.9 ft, which,” stated 


augmented. | Professor Westergaard, who takes account of ‘the ‘yielding of the 


Re pzadorind h, = = t 72 for bending and h, = = 112 ft. for the arch thrust. + 


In the following calculations, h, = 125. 0. 01745 x 99 = 2.16 ft. has been 


as a conservative mean for bending and arch. thrust. corresponds 


to of 1° 15’ for the half central angle, The constants ‘the 


arch aret ft.; 


yieldin 


0.0202 ; and the central angle, tg 
= 80 that $1 = 23 degrees. 


Professor Cain’s” 
The constant, C (= 1 640), is | found by interpolation from Profes ssor Cain’s 3 


‘Table 6. ¥ ‘The s arch thrust and the n moment are as given by his Equation: 
anh 
‘and (13),** respectively. ‘results of the calculations are given in 


TABLE 47. —Loap Down- “Stream Fa ACE BY Form 


OF 


= 


STRESS at Down-S TREAM FACE, N POUNDS PER Square Foor, 


sf 


"That they were present is shown 


Ee 


Am, Soc. C. E., Vol. 90 (1927), 555. BEY BO ROE 
Am. Soc. C E., May, 1928, Pt. 3, 246. 
Loc. cit., Table 1, p. 15. 2 ov at) 


§ Transactions, Am. Soc. C. E., Vol. _ LXXXV (1922), p 
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the modulus ot sane in pounds per square foot, eis 


the expansion per foot for or a rise ty , is the change in temperature, 
and © = 1 640, as before. Let ey e e which is negative for a drop in 


temperature and for 
the down-strean ble 48) were found by the 


B 4s 


ff soils Due to thrust. 


The abutment is at = 


 verthod? strains for sections at the center hg ft., and 30. ‘ft. off the 


line, were scaled from Fig. 1264 as —77, — 80, nd — — 65, or an average of 


about - (These include strains” ed shrink age.) The 


‘horizontal stress, on i8 found by Equation (29). § When E= #4, 600 00 and 


= 0.15, the result, in ‘pounds per square inch, is 6, = 3.68 divx: 


in which, is the ‘horizontal. ‘Strain, given in Fig. 


strains and the corresponding stresses are given in Table 49, 


rom the stresses given in Tables 47 to 49 the most. 


p and k can now be determined by the m method . of least squares. The “errors”, 
or or deviations, a are, = 9 p+ 0.0603 k — — 234.5), & = +9. 0594 


— 246.0), ete. Forming differentiating with to “= 


and dk, and equating these t two. formulas, to. gives. p 8005, 


in. OF 1411 Ib. per sq. ft ty and k= 
the result and also. ‘the deviations: 


E., Vol. LXXXV (1922), p. 245. 
Proceedings, Am, ‘Soc. E., May, 1928, Pt. 3, p. 163. 
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ion ABIATIONS, AS DETERMINED BY THE 
147) IRE STRESSES IN DOWN-STREAM Fackg, IN 
0.0594 Bot wit) 
0.0574 k 
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Las. 
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Values of in degrees. in millionths. oh, in pounds ; per square inch 


= 32] Ib. per in. that p 9. 8 + 0. 


— 681 + 480. _ The average e value | of the measured stresses is - 


= 42 125 the at, asingle observation i is about 7. 6%. of the aver- 

age value of. the stresses measured. This must be considered an excellent 

check and a verification of the Cain formulas. The value of p found; that i is, 
fe 411 Ib. per ‘sq. ‘ft, is about 100 lb., or 1% less than the average e value from 


. (It should be noted that p p refers to the mean radius and should be 


when applied to the up- “stream face. The agreement between 


- ealoulated and ‘measured stresses could be made better if the foundation defor- 
mations were treated separately for arch thrust: and for bending, or if h, was 
determined by the method of least squares; but the agreement ; is quite good 


ithout that. Only very rarely | can the engineer hope to calculate 
the stresses with a probable err rror of less th than 10 cent, The value of 
= Eet, was — 680.739, According to Pro essor Slater a value of E Ser: 


600 000 agrees: best with the results* and aceording to Professor Davis, ste is 
about 0.000004, so that He = 14.4 nd ty =—47 3° Fahr. | According | to tests 


oa 


made by Professor Davis, a specimen in air shrank 0. 75 i in. per 100 ft... in 


months, or 625 per million, which is equivalent to a cooling of about 160" 


found for k is, , therefore, plausible enough. 4 
the up- face at the abutment (@ = 21.75°), the load stress is, 
p (46.9 — 36.5) 4 101. 9 Ib. per sq. in. compression (see Table 47). From 
Table 48 the tension due to shrinkage is (0.0517 0075) k, or 40.8 Ib. per 
sq. in., 80 that the resulting stress is 61.6 Ib. per sq. in. compression. The arch 
C4 is, therefore, i in compression throughout and the ‘shrinkage cracks in this arch, . 
if any, should have no great influence on the stress distribution inside the arch. | 
comparison of the ‘measured ‘strains the concrete and i in the 
from: the center line, the eonsrete ‘strains are the smaller, 1 about 
80 ft. off the center line, a ich both strains are again alike. — Nearer the 


* Proceedings, Am. Soc. C. E., May. Ft. 166.2... 
t Loc. cit., Table 29, p. 214. 
. oit., Fig. 114, p. 163. 
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“abutment than this, the ‘strains’ are’ “the This in 


shrinkage’ stresses in the concrete see Table eae d too rigid fermi 


in the model, ‘which means a decrease of Dr. Vost’s hy, so that the model in — 


this respect does not represent actual ‘conditions. The strains of equal inten- 
nea in the cellu loid model are offset with respect to the center line , indicating 
- that perhaps a slippage took place at one of the abutments; something’ hap 


—_ which offset the strains. This ‘comparison | of the strains in the concréte — 


orroborates the Cain formu 


Sar 
465.52 
99 


olds 


is of interest to determine p on the assumption thatik = 0. Professor — 
made an attempt ‘to exclude shrinkage;* if there’ ‘was no formed, 
then there: was: no shrinkage to consider and k= 0 would be the correct. 


assumption. there was a crack, as, ‘example, a ‘slight lifting away from 

nption. Assuming 
= 0, gives ; p= 9. 1813 Tb. per sq. in. the ‘method of least ‘squares. The 


pany of the errors ‘squared i is 11131.7 and ¢ sd ope error of a single 1 meas- 


= 31.4 Ib. persq. in. 


is as good as ‘before ‘when was ° 
dence alone it would be impossible to decide whether o 


to be included, but the comparison between 


those in the celluloid model, , previously 
elude’ ‘that shrinkage was present. 


be = 0; 1813 and ‘when & 0, p= 9. 8005 the differe 
between. these two values of p is due to the of load from the 
the ¢ cantilevers, when shrinkage occurs, Due to the fact ‘that the shrinkage | 


reduces the stresses (see Table 50), ; p must be greater * when shrinkage i is in 


cluded i in order to give the same stresses. _ 
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vice versa , which 


accompanies temperature (on equivalents, : as swelling and 


-Cain* if and ‘the writer has called attention to this transfer of load due to , swell: 


ing of the p-stream face. Noetzli- on the other hand continues to dis- 
this of load and nes done so in design. data presented. Th he 


nt, it affect the 


of load between the arches and the cantilevers 
The probable e error of a single determination when ‘assumed to 
_ different from zero, was found previously a 


assumed equal to zero ) the probable error of a . single determination ¥ was 31. 4 Ib. “4 


iy per sq. in. Calculating ‘the probable er errors of ; p and k, these values, with Weir 
obable errors,t are: ip = 9 9. see + 0. 50 and k = — 681 480, and when k= 0, 


ig An inspection of m of Table 50 ern. the ‘stress in the down- stream face of 
the arch’ to vary continuously from 234.5 at the crown to 842. 0 at the ‘abut- 


ment. If the eylinder formula was valid, the stress should. remain ‘constant 


and « equal to the mean of the six values of s, in Table 50, o or 426. 08, and the 
? Probable | error of a single observation would then be 1 159 Ib. . per sq. in, or 


09.6 


about five ti times as great as when the Cain. formulas are used. bist. 


Shear at the. Foundation for Cantilever 30 Feet Off Center . Line and ‘Arch 

at Elevation 20.—Let p » be the water. pressure on a surface element close to the 

abutment; let c be that part of p which is transferred vertically downward 
ae oe through the cantilever ; and pet, consequently, the part ‘transferred through 


“the arch, horizontally. 6 be the angle between the horizontal and the 


This follows, because the load, applied very close the 
influence on the stress, distribution away from the abutment. 


Fig. 60 I it will be seen that a point at Elevation 20 ) anc 30 ft. off ‘the center 


dine, lies on the abutment. Referring to Fig. to the section 30 ft. off 
‘the center line, it may be. seen that ‘if the arch. and cantilever | load lines pre: 


to Elevation 20 from Elevation 25, the two loads are equal, 


should be, because 9 = 45° * in the test. dam. Each. load is, therefore, : 
(149) holds also” for the total shear "transmitted by an arch and 
by the corresponding cantilever, which ends i in ‘the same LPoaRS on n the abutment é 


Am. Soe. By ‘Vol. LX 
ett, , Vol. 90 (1927), Bing: oe 


Theory of Errors and Method of Least Squares,” by William. Ww. Johnson, 
Edition, Chapter VIII, N. Y., John Wiley & Sons. 


EE. Proceedings, Soc. C. EB., April, 1928, and ‘Discussions, Equation (51), 
Loe. cit., May, ) ‘ 


rob and ¢ ic 
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in pounds 


total cantilever shear is, therefore, 5 (100 + 300 650 + 8 Ib. 


ove 


loads: at Elevation 20, as. is obtained from Fig. 132, are: __ 
Load, i a 


4 


- J 


98.73 ft, and 80’ + 9° 30’ rig 


; The ‘value "of in ‘Equation (147) was found b by calculation to 4367 
— P = 0. 2472 pr; and the arch shear at the abutment, = 15.75°, is 

= 02479 1350 987 X 2714 = 8 950 1 Ib. This 

of ‘the cantilever shear, tater found to be 8375 Ib. It is s probably n not 


correct, because shrinkage ike been included in the caleulations, as it 


been. “If a value of k= — 680.7 144 Ib. per sq. . ft. is used, the 


R as was found for the arch at Elevation 30, Equation (148) pives'? t= 62 800 lb 

and the total shear’ is, S, = (pr—P yg r in do - = 26000 lb. This is muc 
larger than the cantilever all the load, the 
shear we ald be 31.25 X 1600 = 50 000 


e "The difficulty with this arch is, ‘that there is some tension in the down- 
stream face, near the crown,§ and, therefore, éonsiderable tension in the arch 
Ee the up- -stream face of the sbietdemnt: ‘If this: tension produces a crack, the 


‘Cain fimulas’ do not apply|| and the comparison n between the arch strains i in 


test dam and in the celluloid ‘model indicate ‘eracking, do also the cal- 


culations previously | given. (There is no tension in the down-stream face of. 
the celluloid model at Elevation n 20. The least stress is that corresp ponding to 
.' a compressive strain ‘of 25). Tests to show the influence of cracks on the dis 


tribution of the stresses would be helpful to the engineer in n designing dams 


* Transactions, Am. “Soc. E., Vol. (1922), 


| Transactions, Am. Soc. C. E. 


hich arch; and this affords an independent In 
and tf. g. 132, for the section 30 ft. off the center line, the loads on thecentilewer sik ? 
ssor Zero from the top to Elevation 40 and f w allows 
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a £ 
ithe “When shrinkage | 
» the 
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r retions; which fail, to. take. of ‘shrinkage 
cracks, are ‘error on ‘that account. The | influence of shrinkage’ would 
be to decrease the load on the ai ‘atches' and i ‘Increase that ‘of the catitilevers, and. 


the preceding calculations also indicate 1 “that. » influence of vertical 

sbrinkage’ is decrease the measured tension and i increase the measured 
indicate a compression in the vertical direction 

uctions and 


vo to account of shrinkage and crate,’ It would also be interest- 
ing g and helpful to have some probable errors determined and the theory of 7 
probability could no doubt be made good use of to inceotne the eliability of the 


in temperature (see Table 1*). 


h Loads a as Found by Des 


from the test, vare taken from Fig. 132, oll. the abutment: loads ‘are e added ; 


these were determined by Equation (149). 4 The writer would have used Table 


4t which includes a a temperature drop of 20° F ahr. , except - for the fact that 
greater arch loads, while the writer thinks the reverse should hold. 


For: a temperature : drop of 20° Fahr. Table. Sts shows a tension of 292 | Ib. per 
sa. in. at the ‘extrados of ‘the abutment Elevation 80, while the writer's 


calculations indicate compression “although the temperature ‘drop is is about 47° 
Fehr, or the ¢ shrinkage is equivalent to. that. Noetzli- used a temperature 


‘coefficient of 0.000055 which ‘is the customary. value, while the writer used 


coefficient found | by ‘Professor I Davis, When correcting f for. this, the two 

values es agree quite closely... ‘The write, however finds a compression 61.6 Ib. 

ment equals about 100 and the ae both about | 240, ‘80 ) that the strain due to 

the » arch | thrust is about 140. i If the bending « stress is linear, as no doubt iti is, at 


approximately, the strain at the  extrados at the abutment v wo uld be 40 


An compression or about one-half the strain found at the ‘of 
_ down- stream face ‘(see Fig. 114). At this point the writer found a compression a 
; 203 1 . per sq. _ in. and one-half of this checks the 62 Ib. per sq. in fairly well. 


it 


It might check | better if Poisson’s ratio was: introduced, but this 


is cl 
‘change the bending stresses somewhat., At any rate it is clear that the com- 4 


pression of 6 62 Ib, per sq. in, found by the ‘writer As much closer, to the tut 


Shan, the tension. of 202 Ib. per in. used in the ab reg 


© 


is|included, the. maximum tension 660. Ib, per in, (see Table This 
oad | distribution can be significant of nothing; i in. particular, since concrete ; 
ill not stand such high tension, Table 3§ gives a vertical tension of 307 Ib. 
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test Adin shows a strain of 5 ng 200 Ib. 
in., or less than one-half. For ‘the: celluloid ‘model, strain: is 125, or 2.5 


greater, ‘say, about 332 lb. per sq. in., ‘which checks | Mr. ‘Noetzli’s value 
fairly well. The reversal from tension to compression in the down-stream 


. - face of the central cantilever oceurs in Table | 3 between Elevations 30 and 20, 
but nearer r Elevation 20, and ‘this also agrees closely with ‘the celluloid model, 


hile in the test dam the transition occurs a little lower ‘down: “on be 


‘TABLE 51. 1.—Loans ow Arcus, Pounps PER ‘Savane Fret. mee 


% Loans CARRIED BY CHES, 


gut off. | off. | ment bri from crown, 


doo 


Tt i is ‘to emphasize this disagreem ment sleulated 


that has prompted some me engineerst to insist ‘that the be calculated for 

— full | hydrostatic : pressure, and then perhaps allow a somewhat higher unit stress 
unt for the’ unknown amount of load which the cantilever ‘may ‘Carry. 

"Referring to’ Table Tt ‘it will t be seen that, at Elevation’ 50, the design stress of 


TTS Ib. per sq. in, is higher than the full hydrostatic head, which i is 625 Ib. per 


ae 


q. in., and the average load, as determined by Professor Slater from the tests, 
is between the two. — A properly designed dam has always a considerable margin 
f safety near the top, however, because it is impossible to ‘know the exact 


MR 


maximum head that may exist, and an increase in head i is important near ‘the 


‘op. At Elevation 10, Table 7 shows a design stress of only 875 Ib. per 84. in., 
while the average is probably about 1350 Ib. per sq. in., according to ‘the tests. 
As noted previously, these values may be somewhat too high due ‘to the fact << 


that shrinkage stresses were not included in the calculations. 


i The writer would like to record a few inconsistencies that occur in Table = 
98 For instance, it appears desirable and just that the notation in the — 


4 Brocesdings, Am. Soc. C. E., May, 1928, Pt. 3, p. 229. 
Transactions, Am. Soc. ‘Pp. 520-553 ; ‘Vol. LXXXV (1922) 


Proceedings, Am. Soc. c. E., May, 1928, Pt. 8, 22. 
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twentieth column opposite Dam: 2 No. 19* ‘sho “Variable. Radius, 
Constant Angle . Arch 1 Type” 2 to distinguish it from Dam No. 50.+— To the a 


“List of Literature” ” on this: dam should be added ““Bngineering and “ ‘on- 

tracting, June 8, 1920”... od? fad-orte. 91 NO 
‘on Furthermore, it should be noted that the writer was the 

Pacoima and Big Santa Anita Dams a and 44+) | as they were actually 

constructed, and this should have been. ‘So acknowledged in Table. 9. To the 


literature o1 on those two dams should be | added, “Transactions, Am. m: Soe. O. 


When the proposed tests on models, now in progress§ under the superyv vision 


J. Savage and Ivan E. Houk, Members, Am. Ey have, in a 


measure, been is to be hoped that « a new large scale test can be 


a much larger 


central ‘the Oak Dens so as. nearly, 


It is clear that Professor Beggs’ tests ean be of considerable value, when 


their limitations are kept in ihind-~4hat is, the ‘difficulty in reproducing ¢ the 
conditions at the correctly. Celluloid « does not crack under tension 


corresponding to that which: produces cracks concrete and, furthermore, 


‘shrinkage | stresses oceur in concrete. After all, what the designer needs is 3 a 

Teasonably correct estimate of the greatest stresses ‘rather than information as 
ual the exact distribution of the ‘stress, which certainly i is very” complicated. 


The test has” given conclusive evidence as_ to the correctness of the Cain 


fc rmulas, as stated on page 1244, but little information has been 1 obtained with 


respect, to cantilever stressess in general and the writer. feels that ‘considerable 

uncertainty exists” regarding the a distribution of the water load as” 


as a thin is most interesting and will give a a e nearly correct 
ii 


«stress distribution than any other method. George Paaswell, M. Am. Soc. 
OES recently suggested | a similar procedure.** * The mathem: atical difficulties 
are ) certainly. considerable and will greater for thick dams ; but when 


Los Angeles County Flood. Control , and. the Boulder ‘Canyon. Dam, 
a involved, additional labor should. mean but little, if better results can be 


achieved thereby. It would have been more ‘satisfactory if Professor Wester 
gaard had calculated the stresses found by his method, so that. they could: be 


tests made by Professor Davis indicate, that the plastic. flow of con- 


erete increases in direct proportion with the stress,t+ so that it may be taken 


Proceedings, Am. Soc. C. B., May, 1928, Pt. 3, p. 27. 


Transactions, Am. Soc. E,, Vol. 90 (1927), p. 567. 


§ Loc. cit.,p.215. 
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means that the plastic tin ‘will have 
tribution, and that i is fortunat ; 


The ¢ difficulties to overcome i in this test have been gr oe include t te 


& 
perature changes, | shrinkage and swelling of the concrete, ervikiings of the dam 
yielding of the foundations, changes in cement, ‘variation of the 


modulus of elasticity, and time effect. Bearing this in mind, and the ‘immense zy 
amount of painstaking labor necessary to. obtain concordant. results, . the Com- 
mittee and especially those who have dons "the actual work, bra be con- 


ision 


the 
little or no influe of elasticity. This 
Con- or no imfnenee om the etree 
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This: “Society is not responsible for any statement, made or -opinto 


VARIOUS USES 
Discussion® 
Gzorcz W. M. 


Grorcr W. Tiison,t M. Am. Soo. C. E. (by letter).g— 
“glad that his paper brought forth so much discussion and - Savon so man ny dif 
- ferent localities. He agrees fully with Colonel Crosby|| that “location” is an 


_ important factor in street design. He thinks, however, ‘that it can be varied i 
‘more with roads than with streets because land values have greater weight — 


Mr. Sawyer's comments on grades are good. Grades must b be. established 
: thought as to the effect, both physically and ence 


E lished at once or left until the pu 


writer knows of one case in Omaha, Nebr., in which an cut 


of 60 ft. was made, while, in another instance, the street had been paved, well 
built up, and a cable railway installed before the permanent grade was estab- ; 


lished. In the Eighties, at Omaha, the writer adopted « a 4% grade asa maxi- — 
mum on trolley car because, that was about thé li 


‘They writer was much interested i in Mr. Simham’s ‘discussion.** It is grati- 


fying ig to know that city planning received so much attention in Ind 
ancient times. . Probably f few American engineers were aware of it. _ In a 


where buildings were low and traffic 80 light, such consideration is really sur-— 


prising. . Perhaps, however, elephants" required more space than 


oa _ * Discussion of the paper by George William Tillson, M. Am. Soc. C. E., continued from 
Author’s closure. Lee fora: 
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ENGINEERS 


Discussion 


Bar \RTHOLOMEW, AM. 


M. Am. Soo. C. E letter). g In the 

discussion, it is interesting | to note that there is apparent unanimity of agree- 


ment in “the value of the -2000- ft. scale as the ‘most important base map 


Mr. Black| and Mr. Lewis] mention the fact that this has been used for the 


prineipal studies in the Philadelphia | New York regions, respectively. 


Mr. Lewis makes ; a very interesting suggestion when he states** that the ideal 


al planning has not yet beer drawn, then gives 


been little discussion of mains which might be used 


as bases for ‘regional planning studies, Mr. Lewis believes that scales of 4 ‘mile 
to the inch and 1 mile to the inch ‘would be much more satisfactory than that | 
of 2 miles to the inch, suggested in the paper. “Actually, , there has been insuff- 
Woes in regional planning to offer much real experience | of value on 
this ‘Point. Different conditions will necessitate ‘the use of varied map scales 


Tey will be a matter relating entirely to the character of the material to be di 
‘played. 1. Th In the paper it was assumed that this scale would be used primarily ae 


2 for the graphic portrayal of i important factual material in skeleton form. 


‘Undoubtedly, in some instances, the scale. of 1 ‘mile to. the inch, , or 
4 mile to the inch, will le lend itself | better to work of this character. ‘om 


m 
Colonel Birdseye’ 8 criticism** i is well taken, in that a 20-ft. contour interval 
as a standard would be most unfortunate, and, in fact, useless in certain areas. 


_ t Author’s closure. 


Mo. 
by the Secretary, | 


{| Loc. cit., p. ‘229, 
Loc. cit., 
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4 ingr. (Harland Bartholomew and Associates), St. Louis, 


determined by 
tions. The 90- ft. taeevad would probably. become standard in the: great. majority 
of instances, but it certainly should not be set up as an inflexible specification. 


Mr. Sherman* /cites) an instance of, the of an ja ir) map. ‘Because of 


ne incomplete mapping in ‘certain regions, an air map ‘will usually 1 prove to 


aa has been prepared, ‘the air map will be most useful for ‘many preliminary 
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Messrs. G. D. and Rosert H. RAnpat. 


_D. Wuitmore,f Assoc. M. Am. Soc. C. E.—The Projection used for the 


“topographic maps on the 200-ft. scale which are described in the paper, | 


esigned to fulfill the following requirements The map edges should be 
always true in. azimuth (within the seal le of the map), 80 


"bearings or azimuths | can td be scaled directly without the ‘necessity of 


"computing the amount of convergence of meridians which | is ; required | on a 


plane or ‘rectilinear pr ‘ojection ; (2), the method of projection and co- >-ordination 


should provide. for exact matching and. co- -ordinating of the city survey maps — 


Didi maps prepared by other cities. and the county, State, Federal Government, = 


Denar ete.— —the usual bas 

_ geograph ic positions based on Nort 


“should provide co- -ordinate ba is for, ease 


Engineers in. general su 
namely, mean sea. level as defined by the benech- of the Federal Govern- 
ment. is likewise desirable, in the speaker’ 8 opinion, , that all such maps 


be constructed on one common horizontal co-ordinate | system; and here, again, 
only "practical and unified co-ordinate basis is _that defined by the 


geographic positions of the triangulation and traverse monuments of th th 
Federal Government, “known as North American Datum. 


Asa definite | example of the utility, of this method of projection, consider 


the case of two cities situated just a few miles apart, each making topographic AVE? 
_ surveys as a part of the comprehensive city surveys of their areas, the - resulting 2 


that, all comprehensive 


* Discussion of the paper by Robert H. Banden. “M. Am,; Soc. C. B., continued from 


. and / Toledo, 
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city 


adopts an originating point for its: 


USS 


“this point being defined and determined by traverse connec: 
tions: to the survey monuments of the Pedanlice State Government. Both 
cities adopt a map sheet wh ich is 60” wide in 40" high in 


latitude. When the pap ii _the two cities are extended ‘so that they 


“meet at some point between them, “the ‘sheet boundaries ¢ of ‘the maps of the tion 
first. city will coincide and match exactly with those of the second city. This § map 

_ agreement in in position will also apply to | all in information noe at the joining in ¢ 
edges wherever sheets from the surveys meet. The “rectangular ever 
co- -ordinate lines of the two of 1 ‘maps, , however, will. coincide 
methods of ida of ‘this "projection are not and 

An origi n of re ectangular “co-ordinates which | is. even- m 
intersection « of a parallel ¢ of latitude a and a meridian longitude is adopted 


_ near the center of the mapping area, through | which the reference or true 
meridian of the plane co- -ordinate system is passed. This point also serves 


M 2468 or _ Tig 


Nee as the beginning point of ‘the sheet layout, from which the _ geographic co- 
pee “ordinates of the sheet corners are readily computed. The o: origin is assigned 


large rectangular co- -ordinate value, for example, ok 100 000 north and 


00 000 ft. east. geographic co-ordinates of the sheet corners are then 
converted to rectangular co-ordinates, referred to the central origin 
gro 
reference meridian. From these -ordinates, the ground size, in fee t, of gro 


each map sheet is computed. — ~The resulting ure is, within the scale of the 


‘map, a symmetrical trapezoid, narrower across the top ‘than across the bot ttom. ae 
shoots plotted on the 200-ft. seale this difference in width between top 
a and bottom is equal to something less than a foot by ground measure (0. 005 the 
in, paper “measure 80° that it is hardly measurable, and for all practical 
plotting ‘purposes the figures may considered | simp ple rectangle. The of 
boundaries « of ‘the sheet are plotted as a rectangle, of the « size indicated, and pul 


4 


4 th represent true geographic ‘meridians and parallels « on the surface of the 
The rectangular co-ordinate lines are overla laid on this by pl the 


vee 


The distances of these intersections from the | sheet corners are 


directly ¢ derivable rectangular co-ordinates of “the 


evident that all the the ‘method of projection 
are incorporated i in this ‘combined ‘method. local use of the map ma ry be 


ona system of rectangular co-ordinates, just as if the ‘map were plotted with 


shee t boundaries on ‘rectilinear instead o f geographic : meridians a an d parallels. sic 
Bot the geographic and rectilinear systems are shown, “and it is” optional in: 


: 
with the user which one chosen for local studies uses. 
: kh any discussion of the question of map construction by ground methods 


as against: combined aerial ground: methods, “the: fallest ¢ 


consid eration 


ON STANDARD CITY ENGINEERING SURVEYS [Papers Pape 
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for r topographic m maps of is 1 in. n. equals 200 ft. That scale has been 


cities care generally ‘to be the as far. ns basic engi 


neering are concerned. That it will become practically standard 


scale for this class of maps’ may be assumed. 
scale of 200 ft. to the is capable o of indicating distances and pos 


within the stadia readings and subsequent plottings ‘on the 


WOE 


map are, or should be, accurate within that amount. p ‘The field methods used 

in constructing these 1 maps include an average of one instrument set-up for S32 
every 1 to ‘2 acres, , with f from five to thirty stadia readings per acre, depending 4 


on | the type of country and amount of cultural detail. Thus, the topographer _ 


is seldom more than 100 or 200 ft. distant from the features being sketched, 


> 


as th those ‘executed transit and level. pal. 


Inaf fe 


cited cases: in which ‘the: combined air and ground maps disclosed large” 


ground-1 -method maps, on the 200- ft. scale and constructed as noted, 
-much_ cultural and topographic detail discernible air photographs. 


Another very important consideration is” that of cost. such compari- 
sons” should indicate the cost of the combined air a and ground map, as against 


the cost. of: the ground map. The speaker is not aware of any ‘eombined- 
method maps of city, areas, on the 200-ft. scale, equal in accuracy a and amount Fahy: 


of detail to the maps described by him, for which cost figures have bee 


Ropert H. Ranpaun,* Soo. C. E. (by letter). t— In the discuseio 


share 
of the proper frequency of ‘triangulation stations for the city 


‘survey, J Mr. Heaton inclines ‘- the view that the recommended distribution — 


one station for every 1 to 8 sq. miles would result in greater frequency than. is 
necessary in the average ‘city. it seems to the writer that this question is 


hardly capable of f answer except ix in rather general terms. Considerable experi : 
) 

‘ence in executing tra traverse of high. accuracy and i in metropolitan areas leadsthe _ 

writer to believe that the distribution mentioned in the paper is likely to 5 

ita The frequency of triangulation ‘Stations, « of course, shoul Id always | be con- 

sidered in relation to the accuracy of the traverses which are to expand and 


“ma setts the triangulation. F or the traverse, Mr. Heaton recommends an — 


and detail as ‘those herein described. the other hs 


Pres. and Chf. Engr., R. H. Randall & Co., Inc., Toledo, 

4 Received by the Secretary, March 25, 1929. 
Proceedings, Am. Soc. c. E., January, 1929, Papers, and Discussions, p. 
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average accuracy pare in 50 000! As inatter of fact 1 most of the fitst- 


Be 


order traverses executed under implied by the writer have 


in n the paper is s meant ‘to be a rather low Within the down- town section 


a ranging from 1 part in 1500 000 to 1 part i in 20 000 for an occasional emall 
executing traverse under | city, conditions, pes: writer believes: that the 


| 
connect with triangulation a at approximately the intervals s specified. n 


"intervals of 4 to 9 ‘require e angular measurement of an. accuracy 


as? which could « only be attained by night work. { Iti is not considered | practical to 
expect. the city’s engineering forces to undertake night | work, ‘month after 
month, for the length of time necessary to accomplish the work. i in this manner. 


Me Heaton | states* that, ve) bets: 


property to it, hs, determining ordinates of the two corners which are 


nae _.. The writer believes the first duty of the City is to locate and determine 
€0- -ordinate positions for all critical points upon the street lines. It ist more 


important that the City be prepared to ¢ give the line of. every street ¢ than that 
_ the boundaries between private properties should be settled. Under the present 


great and i increasing use of the police power in many phases of city planning, — k 


the City, for the general. public good, controls the use and development of 
private properties in “many ways. Since city planning consists, in the last 


a 


analysis, of the 2 establishment of boundaries of streets and of districts to be a 
devoted to various uses, it is : only fair that the ‘street lines to which all such 


ee ‘boundaries are referred should be known beyond question, and that | they should 


be readily available to the individual property owners whom they affect. 


this is done, | the matter of determining private boundaries may be undertaken, e 


‘This will tend to be increasingly easy, through ‘the stabilizing « effect of the 
‘definite: establishment of the street lines and the operation of statute limita- 


The’ discussion of Mr. Brownt projection is largely answered i i 


Whitmore’ comment.t— In regard to the use of air methods in 
ly ehaol ei FORT tO AL Gor. 
Pai pographic mapping incidental to the city survey, the writer subscribes to 


the ‘general expectation that there is a probability that some photographic and_ 
_ optical procedure will be developed by which maps of proper accuracy of the 


- seale (1 in 200 ft.) recommended, may eventually e made by air methods. | 


At however, it is not believed that the necessary controlling ground 


A work plus the aerial processes result i ina map of the , specified accuracy at as. 


Proceedings, Am. Soc. C. E., 1929, Papers 238. 
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cos as the «dacenihad ground methods alone. In { 


that methods have received | much publicity, as from. the, nature of, 
ease—every, one is increasingly. interested in air -matters—is natural, It. is 
probable that considerable improvement can be and will be made! in ground 
methods, but. of this, engineers, hear. very. little. . Surveying is perhaps ‘the 
oldest applied science, Improvement i in. method has generally kept pace with 
‘the increase in ‘aceuracy , of results demanded. Methods are only to be valued 
in the light of their practical utility. Thus far, the utility of. air methods 
a a8 applied to surveys of the scale > required for city topographic mapping has 


to the writer’ belief, been demonstrated. fits dgions vison at 


Pendleton’s exposition® of aerial mapping ‘methods is of interesti«: The 
writer’ s purpose in preparing this paper, howevs was to give’ an account of 
present methods, in conformity 1 with current practice in the majority of city 


"surveys. At present, he is ‘inclined to agree with Professor Fincht that for 
_ maps showing relief ‘ ‘in the majority of cases, ground - 


to offer. the best: economy. 

Mr. Veddert suggests very practical m mean: 

tion and traverse ) necessary to the > city survey through funds raised for assess- 
_ment maps. The cost of such. ‘control is a logical charge against assessmen' 


, 


and it may be to state, also, 


La 
4 
| 


t cities, this is a question of policy which best. may be settled 


particular conditions applying i im any particular city. As a general thing, | the ay 
writer does not believe this to be economical procedure. It seems probable — Bei 


that more mapping may be done for a ‘given expenditure by t treating the | 


mapping ‘program asa. project in ‘itself, and arranging the working schedule — 


for the twelve months of the year on that basis. ‘3s, 
Be Professor Finch summarizest t the need of instruction in serial mapping 


methods in engineering courses of the universities. ‘This is, of course, ia 
to be desired. Research work in surveying, both in aerial methods and ground ne 
methods, woul seem to be a proper function of technical schools, and here, — 
again, the writer would suggest that: improvements in ground surveying 


methods are equally desirable. The point is that better means of securing i 


any one e particular ‘method to ‘the exclusion of others. 
Mr. Wells relatedt an experience in in North Adams, ‘Mass., in which | the 
city survey never got beyond the triangulation system. suggested reason 
for this is that the public did not understand the ; use and value of the work — 
up to that point, and, therefore, support for its continuation ‘was not forth- 
coming. This i is an all too common situation. The only thought is 


every should be made to focus public attention on the ultimate 
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and water improve- 
ments, art on the It is practically impossible to 
secure public understanding of. a survey program; but the plans and designs 


made possible by survey information are easily understood. 


In -conelusion, the» writer would like to reiterate’ that. the great need in 


improvements and facilities. F or this, it is necessary that basic facts r relating 
to the land and its occupation | be matters of record and readily available to 

th public officials and ¢ citizens. Experience demonstrates that this basic: 


Sedietitan | is nearly enough ¢ alike in all cities to. justify the acceptance of a a 
uniform standard of required survey information. An account of this survey 


ne schedule, and the methods used i dim. om executing it, is the purpose of of the > paper ar r and 


od oF ate gatvorive it | lentil. 


| 


4 


pod 
nd hetter oneration of 
atter niannins and 
i b, far the length 
— 
Ha 
4 
ive 
‘pre 
24 
I 
i Soy cel 
At 
in 
pl 
be 
4 


oe. 


= 


water will flow beneath the pavement edges" and for a distance of ‘10 ft. to the 4 


DISCUSSIONS 


ad Society is not responsible for any statement made or opinion 


in {ts publications. 


CONC CRETE -AVEMENT OVER POOR  SUB- “GR ADE > AT 
pORT NEWARK, NEW JERSEY 


a Jun. Am. | Soc. E (by letter). §—The discussion by 


Mr ‘Hammatt ‘contributing “gome experiences with ‘the soil around” San 
F rancisco Bay, is a welcome addition to the paper. | One point discussed by re 
-Hammatt, namely, his reference to tile drains,{ reveals a ~ of clarity 


in the ‘paper which this opportunity may ‘serve to correct. 


the 
“first of. which was “accomplished in “obtaining a _ dry sub- upon which to 


‘proceed with the construction work, As m mentioned in the paper, || ‘the ‘second 


"purpose, that of aiding under-drainage, is not so evident. It is s believed, how. 


yer, , that with the type of soil ae oe and with the layer of f cinders: inte aa 
posed between it and the pavement, no harm is 3 done i in ‘running the 1 water Bad 


rate, in, th the case of the t. concrete pavement, drains ‘placed 10 10 


_ inside the edge of pavements (Fig. 6**) should function as well as as if they were 


"placed directly beneath the , edges: because of the shaped clay - sub-gr grade; that i is, 


ES 


"drains at a relatively rapid rate, with little ‘percolation ‘through the clay, 


because of the slope of approximately 4 in. per. ft. Aside from the » question 
of their « contribution to the under- -drainage vipa the value of the ‘drains i in 


> 


neg Prin. Asst. Engr. , Dept. of Public Affairs, Newar 


Am. Soc. C. E., January, 1929, and ‘Discussions, p. 249 


, September, 1928, ‘Papers and Discussions, p p. 2054. 
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An examination of the three years ‘shows no reason this 
time for suggesting any radical departure from the design adopted in n 1926. 


Elevations taken in February, 1927 (every 1 ten joints at each slab corner) were 
checked in August, 1928, it was found that. a general had 
Tho didenen Gen in wore 0.8 ft. 


several slab corners and joints the inequality: vot the heal caused 


noticeable depressions. Despite the stresses set up as a result of this unequal 


settlement, the slabs have the cracked nor failed otherwise. Investigation 
of the tile-drain outlets shows the a rains to be functioning during and after 


pone: of wet weather, even if it is : believed that the unequal settlement has 
_re-acted i unfavorably on the grades of the drainage system. ‘Since the -settle- 


/ ment in the paving area was Xe) general, it can only be ascribed to a major 


movement, of the sub- -grade § soil, layers an and not to) the » failure o of the under- 


Fe .. udging by its ri ling qualities and by the absence of signs of slab failure, 


it can be stated, in thus far the has fulfilled all 
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_ THE PRACTICAL UTILITY sievan 


OF HIGHWAY TRANSPORT. SURVEYS 


aad By W. W. M. Au. 800. E. 


Crosay,t M. Ant, Soo. E. (by ‘letter).t— 
“worthy surveys to develop relations between the use of roads and their 
— design and upkeep were made ‘prior to 1924. The 1911 report of the Special — 
; Committee of the Society on “Materials for Road Construction§ shows that — 
traffic: was then recognized as ‘ “one of the most important” factors in the 
selection of the type of construction “considered from both the ‘standpoints 4 
of efficiency.” ih Sebtion: of The American Highway Engi- 
neers Handbook, the even wid er effects of traffic are pointed out and con- 
detail as to traffic censuses is included. 
In the discussion||_ of a ‘paper by Mr. A. ‘Malleck, on “Construction 
and Wear of Roads”, Mr. W. CO. Copperwaithe has referred at some length 
to the wear as compared with traffic, citing London statistics of the latter, | 


many other contributors to. the discussion recognized 


“use to design and costs. it pri 
Reference to the Proceedings of the nale 


-nente des Congrés de la Route will show that, since Prager: 
da “use” to “ed 
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and, in his “Remarks on the Present System of Roadmaking” (1820), = £= 
Macadam gave some suggestions as to the establishment of these relations. a 
Discussion of the paper by G. F. Schlesinger, M. Am. Soc. C. E., continued from 
Proceedings, Am. Soc. C. B., February, 1912, Society 
Minutes of Proceedings, Inst. C. E., Vol. CLXXVIII (1908-09), Pt. IV, p. 134. 


"Probably these seattered references to the extensiv 


‘statistics will suffice to indicate the age of the consideration given to the 

recent. traffic. surveys. in Ohio are, of course, even if a any 

‘novelties revealed by them are local, and confirm: certain facts or principles 

indicated elsewhere. It is through what n might be called the “ “integration” or 

be _ “summation” of such local facts that “a “a proper perspective for the scientific 

gide can be obtained. 06 WA ag 

difficulty in the United States" since the beginning of -modern 

road work about 1895, has been. that ‘the use statistics 3 concerning highways 


“have always | been behind, a a ‘kind Of a “ail to the dog” of traffic — 


ie Ins some quarters there seems to be a tendency to make “the tail » wag the 


og”; that: is, argue that all features of a highway design should be 


based solely on actual or estimated traffic figures. The writer still argues: 
prone: demands consideration of date, bes he 
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Messrs. J. A Lenecex, Jacos S. LancrHory, anp Epwarp W. 


os AL Lenrorx,t M. Am. Soc. ©. E. (by letter). §—The author has done a as 
great. service by offering ¢ a list of suggestions of a very practical value. it is 


regrettable, 1 however, that this admirable paper suffers somewhat by the zuthor 


~ oecasional criticism of the engineer’ 8 work through the different phases of com- 


‘petitive bidding. is Sometimes these critical | observations are self- -contradictory. 
% For instance: The author admits|| that ‘nobody. can se ery for under 


_ water, or into the earth”, but, later, he seems to forget. that ‘the word ‘ “nobody” 
‘impartially, ‘include not the contractor but the engineer as well. 


This” inconsistency is apparent: when the author suggests that the engineer 


should remove all uncertainties from sub-surface work, in advance of Feceivying 


bids. According to current practice the engineer ‘supplies the bidder with all 


necessary field facts (borings, soundings, ete.) and from ‘these the con- 
tractor draws his own conclusion about the probable risk of the proposed work. 


No doubt ¢ an ‘uncertainty always ¥ will exist i if such field facts are ‘not correctly | 
“interpreted by the bidder ; but for such ‘a condition the contractor ‘should 


blame only himself, because it is primarily his affair to know his business. i He 
should not expect any help from n the engineer, who. is ‘usually busy in his own - 
field. ‘As a ‘matter of fact the competent ‘contractor knows how to analyze his 


correctly, while the inexperienced bidder, as a rule, estimates the risk 
highly y and on account | of his high bid eliminates himself, which is a whole- 


author suggests] a very method of testing the bidder’s financial 


responsibility, but it hardly offers any hint of ‘how to test. the contractor's 


* Discussion on the paper by Edward W. Bush, M. Am. Soc. Cc. B., 
H t Section Engr., Board of ‘Transportation of of 
ived by the March 1, 1929. 
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author also -subseri the prevalent id idea ‘that 


financially responsible contractor | is in a ‘position | to acquire satisfactory pla ant . 


d a good organisation; however, money cannot buy ‘successful experience and 4 


In Spanish- American as well as certain countries of Con- 
‘tinental Europe, it is customary ‘to subject the on n public’ work 


prepared. “Measures: are e also taken to prevent any ; information concerning ‘the | 


work reaching the prospective bidders. To that end the chief engineer 
of the main Office for Public Works ‘selects — a few of his widely separated — 


district offices and assigns to each office the preparation ofa certain part of 


‘ 


the engineer’s estimate. a ‘The selection and assignments are known only to the 4 


chief engineer. Each» istrict office presents its completed work in sealed 


nvelopes at the public hearing held for the opening of the submitted bids. 
this meeting all bids are tabulated. Later, the engineer’s estimate is com- 
piled from the sealed envelopes, and finally the successful bidder i selected. 
‘His detailed computations t en must be submitted. 
Pegi The fortunate bidder is picked out in a manner quite different from gen gen- § 
ral practice | in the United States. The lowest bidder is not chosen, — 
‘sarily, but the o one whose bid is numerically. closest: to. the engineer's 8 
It is contended that by this method the contractor demonstrates the reliability | 
of his experience and his organization and that he is qualified therefore to do 

the work. The bidder is also required to prove his financial responsibility. 
‘The writer has had an opportunity to observe that the entire system | “works” 3 
“f useful paper on the business side of engineering. - development. of similar | 
interest is the formation in 1927 of a Board of Reference in : the City of Boston. 
body i is © of twelve members, selected five by the Boston Society 
4 


Tacon 8. M. Am, Soo. O. E. (by letter).+—The author's long 

experience in the surety phase of contracting has enabled him to produce a very 

a of Architects, five by the Boston Building Congress, and two by the Boston 

Society | of Civil Engineers. It is aimed specifically to meet some of, the injus- 


ic nti in 
entioned i the paper. cid aj oem sid ylao 


n service, the Board comes into operation in case a contractor finds items 


in plans or specifications that seem unfair or inadequate. He then refers the 


question confidentially to the Board. before. the competitive bids are sub- 


ate 
mitted. g The Board on its part will pass on the criticism : and, if justified, w wil 4 


refer the question to the author of the plans and ‘specifications. _ He, in turn 


answer the ¢ criticisms -satisfactor: ily; otherwise he. will asked ‘to amend 


4 the forms or issue additional explanatory information to cover the omissi ms 


WO 


ns 


If time does not permit this, he may give assurance of — 


or defects. 
correction of defects. Ine ase no ‘agreement is reach hed, the Board will file 7 


formal reports with the three bodies from which it is formed . Such cases” will 


wait) 


constitute the basis for revisions in the Code of Practice which the organiza- 


-* Cons. Engr., Office of Borough Pres. of Manhattan, New York, N. Y. 
f Received by the e Secretary March 30 ai 
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ti tions. will: be asked to there is no interitio 
acting in any way after contracts are | mated bos 


to Principle (9),* it is “exceedingly. useful to have the date a a ‘blue 


Print is made shown on each copy. Especially is ‘this important in building 


connection with Principle (14), + one surety company to the writer’ s 

sends periodically a blank form following up work: for which i 

has issued bonds. - While the form does not require the ‘complete ‘monthly 

if estimate, it does call for essential information as to the progress, a veil 

With Principle (29)$ ‘there is a discussion of ‘returning all 


with the bids. This: practice is followed by many architects in New Yor 


Qu 


r, as a contractor is entitled to retain the specifi 
‘cations and drawings uy ‘upon which he has bid. until his bid has been rejectec 


siderable length. of the topics are , those on which the writer’ 8 experience 


indicated that ‘changes. could be made in the | average current practice with | 


economic advantages to the construction ‘industry. few “subjects were 


if included that, it is thought, _ would be of interest in the present- -day discussion ee 


on the pre- qualification bidders, 
ofa contractor, etc, These 


few « of the rs have stated that the | paper represented the viewpoint 
of the surety, but the writer disavows this and wishes it to be considered as the 


- effort 0 of an engineer who is drawing on many years of professional experience 


before becoming connected with a ‘surety company, as well a as the 


experience gained after ‘such connection was made. Some of the arguments 


at and principles offered are adverse to what might be termed ‘the best financial 


i The writer greatly appreciates t the discussions offered. Many. of them add 


points out] that small scale referred in Principle 


11) would be expensive and. unsatisfactory, while photostatic reproductions 


Proceedings, Am. Soc. Cc. E., November, 1928, ‘Papers and Discussions, p. 2441, 
‘§ Engr., Aetna Casualty & Surety Co., ‘Hartford, Conn. Hod 4 
Received by the Secretary, March 9, 1929. 
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n- §} which to omit. The general subject is broad and many important matters — on 
te. 

do — 
ar 

iti 
they reflect the ideas of different persons variously engaged in the industry, a 

ab- Existing statutes will prevent the adoption at certain some of 
vill Principles even if they may be thought desirable and there will 
mm, _ in which some of them are either not needed or inapplicable. A few of the dis ae gg 
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we ld be simple and inexpensive. The writer termod* them! “reduced sc seale 


copies of the | drawings” ‘and had i in mind the regular. drawings re reduced d by:s some 
photographie process as_is frequently. done when they are bound the 


st «In regard to ‘Principle’ (a2) Mr. Wason st tatest that quantity surveys of 4 


PER ES 


this kind are sometimes used to > adjust: extras ‘instead of merely as the basis 


for, progress payments and such use may do a rank injustice the 
data may have been unbalanced. Whenever ye contractor unbalances either 
unit. price bid or a schedule of the kind id here considered, he takes” a chance 


if owner states in the contract accordance with: usual practice) 5 


the « owner that ‘te provision and that 


he does not overpay. the contractor at any time. | ‘Otherwise, he may be 
compelled to replenish the fund extent of the over-payment, for the 
_ benefit of those having lienable claims. _ Whether the method « of paying, for 7 


lin 


ete. suggested} by Mr. -Wason, is - feasible without over- 
‘depends on the way the dre predetermined. Certainly, it 
is an easy way to handle a problem which, in the past, has been the subject | 
of’ ‘many acrimonious: disputes ‘between contractors and “owners 


Principle: (26)t states that bids should be disposed of within 30 days after 
hey are received. Of course, it would be desirable if this period 1 were reduced 


to the 10 days offered§ by Mr. Wason, but some public- work bodies meet 


‘3 only once a “month; then, also, some time is frequently needed in which to 


finance a colistruction,” Therefore, 30 days were ‘offered more as 
y an outside figure than as a practice to be followed generally. ‘The main thing 


is to state a time limit and to make this as short as possible. 
Mr Rudolph mentions|| the quantity-estimating agencies @ at various loco- 


tions that now offer estimates to ‘contractors anc owners, and states. that 

the engineer or architect who prepares the plans | is better qualified to furnish 

such quantities ‘than outsiders. Principle (28) suggesting -quantit y surveys 


applies only to bi building work and 1 the writer had i in mind quantity “surveys of 


the kind ‘offered by the o owners in England. For a, unknown reason the 
architects of “the United States have never any enthusiasm for the 
English: practice although contractors have many times pointed out to the 


owner the economic advantages: if: this practice were to become established } 
_ Engineers» follow the practice every time a unit price contract is offer 


bidders with the estimated quantities | included. Tt is believed that 
independent ‘estimating ‘ageticies ‘now “operating in country: are 


groups ‘of contractors to have j joint or co- operative 
estimates for them. considerable volume of this quantity survey 


rork is now being ‘done—mu ch’ more, -perha s, than many -realize—and, 


Proceedings, Am. Boe. November, 1928, Papers and Discussions, p. 2442. 
Loc. cit., January, 1929, Papers and Discussions, p. 
Ret. Loc. cit., November, 1928, Papers and Discussions, p. 2449, 
Loe, cit., January, (1929, Papers” and ‘Discussions, p. 
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course, this: Jabor is pata for by the 
with Mx, Rudolph that this ‘estimating | can best be done, or at least s super 
vised, by the architects who prepare the plans. Tf the volume increases and 
agencies: multiply, the architects, no doubt, ‘finally will consider ‘that 
quantity surveys are of some economic advantage ‘and that their Preparation 
is a matter to be supervised by them. tmnt: apis been 


Mr W ait ’s remarks* are of especial interest ‘as ‘they are from a man 


apie broadly experienced in unraveling construction | tangles, . He questions, 
9 ngth and experience when he states that there are others not so 


|} nor: ‘successful who can carry out the contract, and that: some of the bigzest 
: public works built to-day are by contractors who were not known to have 
neial backing or experience. and then one hears: it said that “any 
| eotitracter-ean! get a bond no matter how weak financially, ‘or inexperienced. ” 
Those behind the scenes, as it. were, in the surety business know that such 
a statement is not true, and surety bonds on important contracts a are no 
“issued on behalf of inexperienced or financially weak contractors. Mr Wait, 


perhaps inadvertently, g gives the i 
eng om one Just” made the writer when he s wh 


however, the value of the pre-qualification of bidders as to adequate financial — <1 


as public work vis "mientioned were | 
sureties did not issue the bonds until after additional financial fein was 


put in the organizations. — In most such cases, which are of ¢ ‘common mer 
‘Teneo in. surety fact that ‘additional strength was put in 


some apparently weak « contractors are ‘able to obtain. contract 

Wait makes a valuable contribution to the paper when ‘commenting 
on the absurdity of making the contractor assume the risk of the accuracy — 
of the e engineéer’s preliminary investigations of the site—work which may 
have cost. a large | sum. His ‘remarks on the manner in which engineers allow 
lawyers to dictate what shall | be put in the contract, are certainly refreshing. 
“Mr. White, in discussing Principle (13), “questions: ‘the necessity for the 
owner to withhold a ‘percentage of progress payments made to the contractor 
when the owner already has" the protection of a contract’ bond guaranteeing 
a the completion of the project. Tt It is true that the bond extends this protectio \ 

- to the owner, but the present bond premium charges | are based on the assump- 

tion: that ‘the customary 10 to 15% will be retained by the owner and if 

future practice materially ‘reduces the retainage or discontinues it there is 
every probability. that premium charges ‘on contract bonds will be increased. 

There i is a considerable volume of private work on which no bonds are required < ; 

and the owners in such cases certainly need the protection of retainages. 


The retainage often furnishes good reason why the contractor rushes 


and while ‘it to the owner 
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a nal all orogres payments 


present practice of making approximate estimates when a a retainage ‘is with. 


he ld; ; and a ‘as the retainage is something. earned by the contractor he can 
generally borrow against» it if he needs the funds. certain: ocalities the 


wners permit the contractors to convert the retainage into high- -class ‘interest- 


vearing securities which are held by the owners, and this privilege has much 


ee | Colonel Waldron, apparently, takes the position that the more the engineer 


tells the contractor in advance of bidding» the higher the bids will be. He 
states* “w hen. the co ntractor hazards to he 4 


ther 


in tl 


to recognize it. “Iti is believed that present: 


‘the. supporting arguments, were in the paper ‘the hope that they 


would show that it is to the economic advantage of the owner to ‘remove _ bul 
eae! uncertainties if possible be fore offering work for bidding. As far as a any is ‘trad 
interest | of the surety on these points is ‘concerned, it is well to keep in mind 
ae the surety does not begin to pay on a claim until after the contractor 
ey has” spent or pledged all he possesses. _ The contractor becomes a ‘poor risk 
for himself before he is a poor risk for his surety. 
Mr. White presents] the contractor “as a- ‘human being entitled to 
and points” out that even after some of ‘the uncertainties are removed the 
contractor has a a strong e conomic facter to. evaluate and ; a big risk to vearry: 
when he i is engaged on contract work. In. antithesis to this, Colonel Wa aldron 
states] in the usual procedure “ ‘the engineer tries to get as. ‘much as. he can 
Pia for his employer; the contractor tries to » do as as little as possible in order to 
increase his earnings”. writer believes that most engineers and architects 


fair- minded, with n no ‘desire to “put over” anything on a contractor sand, 


“4 

4 

| 


22: 


According to current. ethics it is poor policy for either to 


the contrary. The greater proportion of all the construction work done 


in this country is. in the hands of the members of the Society, which it will 


“not knowingly admit a “croo ” be he a contractor or an. engineer. 
Mr. presents an interesting fa fact when he Btates | ‘that: at times 


the failed to finance the undertakings completely. The 
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“accounts receivable” items which because the owners 
t 


could not pay them. aa This is more apt to happen to a young contractor 
than to an. experienced one because probably the latter ht, 


» and 


‘such pitfalls. somewhat topic ‘was presented in in ‘the paper Under 
the caption, “Introductory”™* and was mentioned in the paragraph ceding 


commenting on Principles and (25), Mr. Bernstein points 
‘that frequently the engineer lacks sufficient time to prepare complete deaw- 
‘ings, etc., but that when sufficient 1 time is available there is little cause for 
complaint. The observations of the writer, after being i in a position to note 
this” point on hundreds if_ not thousands of cases, leads” him to state that 
‘there is room, when full time is” available, for co 


Mr. Stearns§ discusses many parts” of the paper 
but some comments his” discussion are needed. He 


‘mentions|| the advantage of the repetition the contract documents of a 


"subject like the provision that the general and all sub- -contractors must pei 
permits, ete. Principle (11) observed, the: general» conditions of a 


“building contract , always will be : attached to the specifications of any articular 


trade and a requirement once expressed will apply to all trades. 


In supporting his’ statement that certain “ 
“taken the contractor”, Mr. Stearns mentions} a ease in which longer 


“piles were driven and as the number of linear feet 
driven was the item paid for, the cost of the extra lengths borne by 
contractor. example 1 is” exactly of the kind the writer had in mind 


when writing ‘Principles (3) and (6). In line with ‘these princi ples, the 
owner the example just mentioned “would obtain more economic bids 
the pile work into ‘two items, covering the lengths delivered, 


‘the: other the lengths remaining below cut- off ; i also, by 


“the first item and asking for bids on “different probable. 


be required. applying ‘this scheme the engineer and contractor sho 


“confer on the probable lengths needed before the piling is “ordered; 
contractor can. ‘prepare his bid with’ a reasonable assurance that he will, 


run into: some. unknown bottom condition that will cause him a 


“The writer hes this method of buying pile ‘and 


Principles (OF and (8) were included by the writer because t they are 
germane to Principles (s)** and (19)**; and also because in recent } years tl 


* Proceedings, “Am. Soc. C. E., November, 1928, ‘Papers Discussions, p. 2438, 
Loc. January, 1929, Papers and Discussions, p. 282. 


—§ Loc. cit., February, , 1929, Papers and Discussions, p. 51 


‘Loc. cit., "November, 1928, ‘Papers and Discussions, p. 
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‘Principle (7) is a mere ‘fact fact that 
overlooked when seeking to reduce the cost of contract bonds, 


Regarding ‘mentioned* by Mr. thes writer believes Prin- 


obtained by the. owner. cases not have been bonded 


sureties if no no retainages were held by the o owners. ty » 


is starting his ‘emeatienniiods or he would tell newspaper er reporters preparing an 

* article on the. improvement. The bidder knows the size of job that will fit 
- his organization: and nobody i is benefited when he bids against his best interests. 
lead him to investigate a $100 000 job when- he is looking for one of 

$500 000, or vice versa? The sureties are constantly receiving many pre- 

liminary guesses: on probable bid prices that are from 50° to 100% in error. 

bidde 
guesses are a disturbing factor in underwriting border- line contract bond 


> 
cases have caused both contractors and their sureties. 


the al 


Mr. " Stearne ideas th not believe. the “bidding is in 
words imply. In nearly every case the contract documents’ precisely ‘state 
the conditions under which the eecnrity:is deposited—that it is ‘a guaranty the 
contrac act will be. executed, ete, if the bidder is awarded the contract. 
the | owner feels that he needs a | “bidding security” he should get. it large 
i. enough to cover the probable difference or spread between the bid that is 
accepted and the next higher even when these two bids are somewhat out of 
_ line. Taking Mr. . Stearns’ viewpoint of the matter, the 3 to 8% mentioned 
him: not large enough to show. sufficient working « capital to finance the 
job. and absorb an ordinary loss, especially as the contractor may have other 
contracts under or may take ‘subsequent contracts. 
bilan The. writer. is very much in accord with the closing paragraphs of Mr. 
_ Stearns’ discussion and believes the paper could have included with propriety 
: another principle on clarity and: consistency. _ Many forms plainly show the 
confusion brought. about. from the “scissors and paste- -pot”. method of pre- 
‘paring: them. The writer recalls contract and specifications wherein the 
parties of the first and second part. mentioned in the contract t were 
in the specifications so that a among other things the « owner was obligated to pay 
the contractor $25 per, day for, any delay in.« completing the contract beyond the 


Pe 


Proceedings, Am. Soc. C. B., 1929, Papers and Discussions 522. 
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giving bidders a copy Of ‘the to no doubt has’ pre- 


-yented n many disputes during the ‘construction period and is is one that could be NAS 


a Mr. Stephenson referst to Principle (21) and’ discusses whether or not an 


“estimate of “the probable bid’ p price, , within: limits, should be 
k in the a advertisement. In connection with ‘the “spread” between the 
high and ‘Yor bids on an ordinary | class of work and i in cases where the highest 
bid is ‘perhaps 50% ‘greater ‘than the lowest, the writer has generally ‘con- 
sidered that the top one- -third or one- half of the bidders ‘really did not ex pect 


to obtain the job" “but merely wanted ‘to take it at ‘very attractive price 


The discussion preceding Principle. (30)§ considers this class’ of complimentary 
bidders and the dist urbances they sometimes. cause. Of the remaining bidders, a 
a check- “up of the volume of other work” on hand, the financial condi- 
tion, , the previous experience on similar work , and whether or not new plant. 
must be purchased and | additional organization’ “secured by the ‘respective — 
bidders will show which of them really bid closely to obtain ‘the job. . In gen- ee 
eral, it is the bottom one-third of the bidders who, perhaps, are best dhereiicped 
who need the work an d are seriously ‘competing for it. - There i is a variation to 
the above that pine riow and then wherein the talented contractors—those yaa ; 


really know what the job i is worth “are found grouped considerably above the - 
lowest bidders and it is evident that ‘the latter are inexperienced | and have 
made a sorry mess in ‘their estimation of the price. Still another variation is 


t at of the very. capable contractor “who, apparently, bid 80 far’ below the 


others ‘that he faces a ede: but who Sat” completion retains a fine profit after — 
having given the | owner ‘a good job. HYD 


Professor Kirby offers] 2 a summary of the general subject treated by 


tions whether the engineer 
should go far into the the 8 financial condition, stating 


| 


‘that this, perhaps, is within the s scope of the surety’s service - On work which is 


‘not bonded the « engineer ‘or architect will probably make the analysis if one 


is made, but on bonded work ‘the surety will make the analysis, not as a service 


to the owner, but for its own protection. _ The writer included Principle (39) 


ALA 


and its argument because they set forth briefly the methods of the sureties in 
| determining the responsibility of contractors, and it was thought | that this 


information would interest engineers and architects, ‘especially i in connection ei 
with the awarding” ‘of contracts that would not be bonded. = = 


Mr. contributes an admirable ‘discussion. writer is “fn general 


accord with him and will only comment on one point. 2 He states that sm 


scale (reduced. scale) drawings, bound with contract, serve no useful 


purpose. The writer reviewed | a number of cases which the 


cit., Dp. (2447, 
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See of the volume, and in no case has there been any uncertainty as to the detail 


shown, Some of these. jobs, running ‘into millions, have been of large. dams 4 
bridge foundations, conduits, sewers, ete. 4 The method | will operate better with 
2 _ engineering than with architectural constructions, and the writer believes ‘that 


f once tried the engineer will continue use it on future work, if possible. 
In the statement* that “nobody ca can see very far under water, or into 0 the 


earth”, the writer « attempted | to ‘epitomize many 1 reasons why. changes will, be 

made in contracts after they are signed. The writer fully “agrees with Mr. 
es Lenecek+ that “nobody” includes the engineer as well as the contractor, but 
* the writer does not recall that the suggestion is made anywhere in the paper 


ay: 


that “the: engineer should ‘remove : all ‘uncertainties from sub- ‘surface work”. 
Tn Principle (3) and. elsewhere the writer. offers the thought that the more the 
uncertainties are | removed, the lower will be the bids, which is quite different. 


Risks + are inherent. in certain kinds of work, but « every. time one of them is. 


removed in advance of the bidding the price is lowered. has 


a pee Mt, Lenecek st states that the writer hardly offers any hint as to how to test 
the contractor’ 8 competency although a way to test his financial responsibility 
given. In the discussion preceding Principle (39) the writer uses the 


word, | “responsibility”, including, among ‘qualities, the financial 
strength and competency. To be responsible the writer s states thats in addi- 
tion to being honest. the cuateubtne’ “should have ability. as evidenced by | his 
past: experience and record ; an organization suitable for the proposed work; 

‘ and on sufficient working capital or net quick assets to finance the operations and 
reasonable additional costs”. Principle (33) |) refers to questionnaires and the 
footnote under ° “Introductory” mentions the “Standard Questionnaires” ghich 


were printed in the March, 1926, , Proceedings of the Society. writer 


_ knows of working formula worthy of consideration that could 


5 


‘one of individual because ‘ad many of the while capable 
of being recognized, cannot be ‘evaluated. _ No two engineers or architects will 
ae: the e same weight t to the information, although it is to be expected that 


“experienced engineers, “architects, and ‘surety underwriters will be. found in 


close agreement an analysis of the kind of herein ‘considered. 


é I 
wishes to state that all these. points were checked “i ‘consultation with eminent 


counsel broadly experienced i in the subject matter. 


* Proceedings, Am, Soc. C. E., November, 1928, Papers and Discussions, p. ee ae 4 
Proceedings, Am. _ Soe. C. November, 1928 Papers and Discussions, p. 248 
Ae 
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This Society is not responsible for AG statement made or opinion expressed © ra ok 


Diseussion*® 
1. Soc. C. E. letter).{—The author is to be 


omplimented on the painstaking thoroughness with which he | has searched 


for, and bi brought to light the salient facts on the existing and proposed pumped 
storage | hydro- electric plants. The data gathered here illustrate the wide 


wide 


variety of conditions under. which engineers have » considered ‘pumped- storage 


"plants to be worthy of construction. are not limited to high heads. ( (See 
Table 1,8 No. 14, Cornabbia, 80 ft.; No. 36, mfurth, 130 ft.; and No. 42, 
Rocky River, | 230 ft. ‘storage capacity the reservoir and the size of 


he installed machinery cover a wide range of values. 


Pumped- -storage plants” will be justified when, and only when, 


g storage plants are not feasible or economical i in the size of installation desire 


An ordinary storage ‘plant: will perform all the regulating functions that can 


be obtained from a ‘pumped- -storage pla nt, with but on one exception; that excep-_ 


tion, however, is quite worthy of note. As Assume that the plant discharges into 


a tail-water pool i in which there is a reasonable storage capacity 


4 

x 

_ breakdown in a a steam plant of the | system the pumped- -storage plant may be 
ealled ‘upon carry” part. of the system load , although 

2 be at a stage at which withdrawal of water is not desirable 


of the effective storage in the tail- may be pumped back 


"equivalent to ‘delaying the steam plant breakdown to a ‘more favorable ‘time: 


q Similarly, e errors in the hydraulic. operation of the system may be corrected 
i ‘hin reasonable Ii limits by pumping back the released water. | With the o 


storage plant, water: once can never be replaced as potential 


? March, 1929, Proceedings. 
Senior ‘Engr., Hyaro-Hles. Div. 
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for consideration in the ener reaches of the various rivers, where the indu us- 
‘trial activity. is greatest, where real estate is costly, and where the valley is : 


ikely to be built up with railroads and industrial. plants, making, the cost of A 
: storage on ‘the 3 main river prohibitive. § On such a location, near an oe 


center, a pumped- storage plant ‘may be ‘used to furnish reserve 


In United States pumped- «storage hydro- ante’ will have 
to compete with somewhat antiquated steam plants and furnish peer 
cheaply as the operating cost (without fixed charges) of such plants. foe 


the The author’s statement* that the p pumping capacity of the Rocky River 

plant is now double , that originally authorized has, an interesting explanation. 

dditional capacity was installed to reduce the time of initial filling . of 

the reservoir and thus shorten the period before the plant would be ready for 


the construction of these pumps, a 


were e made. The pumps are by’ far’ the highest | in of the 


single centrifugal units in America’ and are, it is s believed, the largest: high 


head pumps of any type in the country. One cannot tell from appearances 


that they are not hydro- electric generating units. Each pump suction 

elbow that resembles the familiar elbow- -type turbine draft-tube. Each is 
capable « of delivering 250 cu. ft. per sec., 112 500 gal. per min., or 162 000 ae 
eal, per ‘day, against an operating head of 240 ft. 


Soc. Cc. (1928, Papers Discussions, p. 2463. 
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HORIZONTAL CONTROL. IN “SURVEYING 


‘PRELIMINARY ‘REPORT OF THE COMMITTEE OF THE 
SURVEYING AND MAPPING DIVISION ON att Yo. 


5 


‘By Hora CE M. Am. Soo 


ORAC Anprews, + M. Soo. OE. (by letter). Under the sib bending, 


” 


“Datum for Surveys of Small. Areas S$ it ‘is remarked that the fundamenta 


plane of. “city surveys is assumed tangent te the Clarke spheroid. In Sec- 
tion (5) of the “Conclusion”, it is also stated that the survey should b 
Ly 


referred to the: North American Datum, this datum 


a It seems highly probable that “surveys of. the precision assumed in this 


: “report will be almost exclusively those of cities, and the question | might be 
‘raised as to the North American Datum being the ‘most ‘appropriate one for. 
all the cities in the United States. 


a's 


; On account of general comparability it would be well if a ‘triangulation 


“the ends of local ‘surveys it would be more rational ‘if the mean of the 
land were taken as s the horizon—or base surface of reference. With places: of 


‘significant height : above sea level the reduction of distances to that level would 
be so material that eve en the | ordinary surveyor with | his customary method 


and usual precision of measurement would appreciate them. For an altitude - 
of 1000 m., a distance measured horizontally of 1000 m. would | need a reduc 


© This discussion (on the report by George L. Hosmer, M. Am. Soc. C. E., for the Com- 
mittee of the Surveying and Mapping Division on Horizontal Control, presented at the meet- 
- ing of the Surveying and Mapping Division at Washington, D. C., April 26, 1928, and pub- 
_ lished in November, 1928, Proceedings) is printed in Proceedings in order that’ the view 
xpressed may be brought before all members for further discussion, 
: i? Received by the Secretary, February 18, 192 


§ Proceedings, Am. Soc. C. E., Papers and Discussions, Dp. 2498 
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ANDREWS ON HORI HORIZON NTAL CONTROL 


IN 

tion of 0.16 m., ee ould be ppreciable even. for rough won th In 

of notable elevation like Denver, Colo., for example, it it would be found that 3 


‘distances would be subject to ; ‘reduction of about “cdee part of their | length. 


It would seem, therefore, more practical. for the plane or datum used for local * 


2 
Fe 


surveys to be taken as that of the mean elevation of the place or city — 4 
question. The choice might be ‘made dependent upon “the relation between 
the amount of ‘reduction needed for distances’ horizontally ‘measured and 
permissible error allowed in making such m easurements. AG 


all practical ends the surface of the earth i in any. locality. may be 
regarded more simply as that of a “sphere osculatory to the spheroid and with 


its mean radius at the locality of the survey. - ‘With this assumption it would 


seem immaterial, when a a system of plane co- ordinates i is to be Heed for a city’s 


survey—and such a system certainly ought to be ‘used—whether | or not these 


co-ordinates were the directions of the cardinal points. A city with a 


- number of its ‘streets at right angles to one another might be more practically 


“0 dinated « on axes running in the direction of these main systems of streets. < 


The cardinal points are not essential to the precise mapping of the territory : 
and the layout of maps would be facilitated by having the ayetem of streets — 


UE 
with the directions of the co-ordinate axes. | 
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SYMPOSIUM 


are fi first ‘of ‘surfacing. questions.” 


hese latter, engineers usually. find ‘that are symptoms of 


is, after considering two. types o only, “that original 
surface means very little in with the operating cost” and that the 

important factors, as well as such elements | as the grades, widths, and 1d location n 

ub of the highway, i in drawing any fair « economic comparisons of various types of 

if the “road of the future” as one on which the. users 

q i will have “ “the right t to go o farther and faster, carry bigger loads, , have luxuries: ie 
u such as Tights, be free from om stops, and have better. policing and greater safety”, 
this n Suggest, a super-“ ‘major traffic route” perhaps even a toll 
or is so far from that actuality as. to warrant neglecting consideration 


— of such conditions for surfacings ; and on such roads will not the problems : of eh 
; economic comparisons be more simple and certain of solution? 


sy 3: * Discussion of the Symposium on Economic Comparisons of Various ‘Types of Road 


$ Received by the ‘Secretary, March 7, 1929. Way 

Proceedings, Am. Soc. Cc. November, 
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be con-— 
‘Vie ihe mixed traffic on the ordinary highways * * * 
leads to a_ ‘abanitlcn:. and a deadlock dangerous ‘to the circulation and con 


_ trary to transport economy. It may also. be justified when the absolute preva- 
lence of motor traffic of every kind * * * renders it necessary to insure 


& obtaining the highest ‘possible return in the form of speed, non-stop running, 
et writer was asked to comment on the propriety of the proposed resolu- 
tion prior to its consideration and discussion. _ He saw ‘serious chjection 


to it from the Ax American 1 point of v tee but. having in in min d some, past e3 ex 


enous with “turnpikes” in the e United States, he suggested | that, in the develop- 

~ ment of the details under ‘the general resolution, care ‘should be taken’ to } pro- ; 

for the surrender of the property | to. the State after ‘a reasonable time 

4 llowed for the private capital invested to recoup itself. sel bpcorhdlabes ce 
- However, when the matter came up formally in the Congress, the British 


nd American official delegates refused to agree to the passage of such a resolu- 
ion, and it was not pressed beyond this point. 
Peele. possibility | of special motor roads, on which tolls are » charged for the 
privilege of enjoying ‘the advantages, forms a subject. that crops u p in highwa 


discussions along with the topic of a return to toll bridges, etc. 


>i”. 


The writer cannot agree ‘with those who : argue that only the public ‘author- 
should build roads, | bridges, ferries, tunnels, and other traffic facilitie 
_ for public use and benefit. ' Many of the reasons £ against such a ‘position ar 
_— the same as those advanced effectually against Government op¢ operation of leash 
‘roads; for instance. “Bigger and Better r Bureaus” in 
a slogan the use of which may very properly be limited. 


He believes that there are 1 many instances in which public interest in 
transportation facilities will be rons ‘and best met by private capital and 


unofficial | enterprise and ingenuity. Opportunities for this form of 


ment are increasing on a steeper curve now than for some years past. Hdood eth 


_ On the other hand, the w writer has had experiences with turnpike anid toll- - 


By 


& 


the path of of “many ‘State highway ‘systems. This convinces 


of ‘the need protection now “againist any similar’ ‘situation. 


There seems, however, ample opportunity for a safe course between “Seylla 


and» Charybdis”, which course, if ‘properly ‘platted and published, may offer. 
an avenue of ‘well: in the earliest fuittite.” ot 
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PERS AND DISCUSSIONS. 


“tes beris 4 wit 


ot old of 


~ 


LB 
nical men in the 8. done is partly a of pote 
ng a little better the different parts that are played by the constituent ele- 


i ments and the possibilities of organization, which are’ not yet fully" compre- 
_hended. . It would be a mistake to catalog individuals and to 
can stand only for one part or for one ‘phase of ' this task. 


There is a question of how to organize what might be called efficiency — 
although that is not exactly a . satisfactory word. Two. quotations which s seem 
to conflict with each other, might be given with 1 reference to that que 


because ‘they lead to a ‘determination ‘of ‘the truth. at 
is from Herbert ‘Spencer, says, “Nothing worth while was 
- done » by a group.” Its seems to be true that no ‘great: reform was ever started, " 


except by an individual. The origin of ‘things | comes in single minds and 
almost at single “moments. an essay entitled ‘ ‘Circles Emerson says, 


“When the great man comes, a new order i is established.” | That is ¢ certainly 


true and ‘it is important in n plans « of organization, especially i in connection with BS 
city planning, to avoid merely making compromises. ‘There i is need to provide 


for imagination. English town wo! 


4 
y 


a member of ‘the 


tributed most to accomplishments i in that was t that 
apac- 


RELA 
it 
— 
— 
g 
velop in indi- 
r iduals, the capacity to design. 
4 
A. Shurtleff, Esq., continued from March, 1 


engineering, architecture, landscape architecture will be 
oe ie and will be done in co- -operation. There is little tendency on the part 


of different profession to overlap their line, except where it is an uncertain 


dine. is rather a question of doing. things jointly as groups. ‘It ‘may be 
said with ‘reference to city planning that every office engaged important 


city planning work represents a group of minds and a number of judgments. 


The men come with various training, and they practically repre sent a a group 
of professions, as well as different ane. 


ws 


of technique. There comes a _time judgment, taste, 
_ nical rege of ‘the technician should be trusted, and his recommendations : 

much of their low standing FE 
z ig due to the failure to establish » that point, and toa kind of weak | “backbone” i 


"among planners in facing city councillors, city officials, and eal estate 


and commercial interests. The wi writer believes that the n matter shou uld be p put 


w, there ale abide? things which are of such a character that they ' ar 
 tduewhae of being easily and quickly explained and expressed, and, Gemiees, 
in such matters the technical recommendations of your city planner aienrto 


or else you ought to get another technical adviser.’ 
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in its publications. 


IN THE THEORY OF STRUCTURES | 


‘By O. Eso, , AND Grorce R. Rica, 


be Esq. , and Grorce R. Rion,+ Assoc. M. Am. sm 0 E. ‘(by 

letter). §—The well known and widely used reduction 


“Them same buckling resistance is to all beam a given of 


flange, irrespective of the “shape factor” (that is, the relation, that the stiffness 
i of the member about the axis parallel to bending bears to its stiffness about the 


q axis normal to bending), o or the factor of torsional rigidity of the e section. The: 


a. 


lysis 6 that the flexural rigidity about both 


cross- section 


i he plane « of loading i is great. in comparison. with that about ‘he axis sail: 
to the, pl lane of loading, has been determined a wide range of 
Toads and ‘terminal | conditions by Professor ‘S. Ti most henko|| by considering 

the changes in potential the clastic: system. The writers have 
4 attempted to extend | Professor Timoshenko’ analysis” so. ds include 


* Discussion of the paper by E 
moe With Jackson & Moreland, D. L. & W. 
; ey t Structural Engr., Jackson & Moreland, Hoboken, N. 
Received by the Secretary, March 9, 1929. 


_ #H- -beams, built-up girders, and trusses, loaded either parallel or normal to the 


t | = 
ssed 
Be 
oh 
— 
4 
| axes and also the to 
BBE The critical buckling load for beams q 
— 
7 
q., continued from April, 1929, 
Am. Soc. C. E., Vol. LXXXVII Pe, 


ths 
_ According to Prot essor Timos euke? s theory* as alldacdtdbat by the writers, 


it is required to evaluate the following changes in potential energy, or work 


me, at the instant buckling and twisting occurs: 

foun , due bending about the axis normal to the plane of loading; 

: Heer Vey: due to the bending of each flange o or. chord about the 2 axis is parallel 3 

, due to o twisting of the 

ve. due to the movement of the loads i in their plane | of application - 

n 80 as buckling an twisting are concerned, as lon 
7 


Ve the member is in “stable elastic equilibrium” an 


will finally fail when the the yield point of the material. 
= Vy “neutral elastic “equilibrium” exists, and as 
further increments: ‘load are added, the “potential | energy y of the | 


system is decreased and the member n may fail by. buckling or twisting. — ee. 


yd) In that which follows, a cantilever beam subjected to a concentrated load — 


5 in 1 the plane of | one principal axis has been selected for study. _ However, the 


ppears. to be general and applicable i in the analysis of members sub- 


jected to various and types. end restraint. 


f= 


a which, provided the elastic fait of the material has not been ‘exceeded, becomes | 


(prior ucklin 


1 


or, for beams of constant cross- -section and homogeneous material, 


As buckling twisting the P, may resolved “into com 


"ponents normal and parallel to the original axis of loading, 


in E uation 89) from Equation (40), 
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ef rte 
major axis, and to develop p 
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dd 
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ache —THE OF Banvina AND TWISTING. 
Considering the work done on the flanges separately, it is possible to replac 
* for the upper flange and by y — for the lower remit Then, 


(b) CROSS SECTION 
hori 


rk in isting a member may be. 


a 


to Fig, 13 (c), it may be seen that, 


a7) 
nes 
‘ 
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vi 
ici 
. Soe. C .B., January, 1929, Pa rom 


ULIAN AND RICH oN ELASTIC EQUILIBRIUM IN STRUCTURES (Papers. 


aie 


a 
{ 


or | he o be in clastic 


a? a Ada - 


Inches 


The value of a equals 0 when x ; equals , and i is a maximum —_— x ‘equals 


ange in 


axe 


af Compression 


various and 1 various ‘beams. 6, 8 are plotted 


formulas which limit the unit stress to working values with 

a factor of safety of approximately two; the remaining curves: give the ultimate : 

values of the unit compression at whieh, buckling f failure is incipient. 
a te obtaining data for Curves 5 and 9, the test, load rested directly on ‘the top 


the be to a a= InCu urves 1,2, 3, 4, 6, 


; that is, the load was applied © 
at - of the web. (53) ‘was used to calculate Curves 2 and 4, 


_ 


A 8 1 8 (T — 
M nu 


ig 4 
for the curves in Fig. 14 are as 


“Beams— ‘Without Later ral Support,” Transactions, Am. Soc. E., Vol. 


nf Engineering News-Record, October 11, 1928, p. 542. 


January, 1929, Papers and Discussions, p. 18. 


| 
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| 
4 
a 
— 
a the values of J being obtained from the formula proposed by Mr. William B. z 
 Campbell:t | 
 inw 
7 be 


dicated their values on tests of I- -beams. doubtful fu whether the result as 

should be extended to include H -beams in which the ‘comparatively heav 

flanges carry a greater proportion of the ‘torsional stress. data 


on the torsional resistance of H-sections seem to to be entirel * x Gow ‘or 


> 


Curve 8 Working ) 
American Institute 
Steel.Construction 
18,4 


Length of Compression Flange ininches 


= 


of load are to a beam in | 


ith 
top 


certain point; that is, if an accidental lateral force were to disturb the heart, 


on removal of the force the b beam would return to the original plane. © j 
Joad is further increased, a sudden lateral deflection occurs, accompanied by 


4 torsion. In other words, on ‘application of the last load “imerement the 
potential: energy of the elastic > system d decreased, because the last load inc e- 
caused a relatively great i ncrease of the work done by the “additional 
| dropping of the load as measured by ‘Equation (50) m The beam seeks reli 


by x rotation of the section toward a more favorable position. as regards lateral 


As successive _jncrements of 1 oad are applied to the same beam, | 


_ bending « about the: axis of the welt the plane form of bending - remains mt 


provided ‘the component parts of the beam act as a unit. F Failure will: finally 
- occur when the yield point of the material is exceeded, because the section is 


already in the position which affords mi maximum | relief from buckling and 


“twisting and could not possibly rotate toward a more stable position as regards 


When tubes and ‘similar are to no reduetion 


section to a more 


pers, Papers.) _ sun1AN AND RICH ON BLASTIC EQUILIBRIUM IN STRUCTURES 1289 
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limiting stress intensity in the compression flange should evaluate the “shape 
 Seaten! of the section. _ When members are loaded about the axis normal t to the 4 
web it should allow higher intensities in. H-beams than in L- -beams, and. when 5 

loaded about the axis of the it should ‘require little or no reduction 
j intensity ¢ of stress in the compression fibers, provided the member will act asa 


The following formula seems to agenty this criterion: 


f= maximum ¢ allowable extreme fiber stress due to Einect bending plus 


of 
are constants, ‘dependent ‘in value on ‘the factor” o 
The writers wished to attive at a formula f to 20 000 Ib. 


- in,, such t that, it would be. beams and trusses 


For H-sections having ‘ if ‘shape factors” similar to that of a 124 65. 1b. 
 H+beam and parallel to the web, Equation (56) becomes 


? 


For I- beams having ‘ ‘shape factors’ ‘similar to that of an 8-in., 18 Ib 


So beam and loaded parallel to the web, Equation (56) becomes: Hines 


3 


-*hcdiny Fig. 15, the denominator of Equation (56). has been plotted against dh, 


various eections, The one exception to. this i is. for. the curve marked 
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merican Institute of Steel Construction”, for which the abscissas are deter-— 
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Curve mgs Fig. 14 has: 


r tests have not bee en made on Hs 
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Abscissa Values for this American Institute of 
Curve are from! the formula |_~ Stee! Construction 
2 87-18.4 


c 
c 
° 
o 
© 
Q 
£ 
x 
~ 
c 
a 


The 2 writers v h to express their appreciation of 1 this splendid and timely — 
‘paper. Structura engineers engaged on railway electrification will owe th 


author an. additional debt of gratitude ‘if he would publish his method of 
; evaluating the resistance of beam sections when subjected to a torsional load, " 


“such as that encountered due to ee wire” _ beatings. 


. 
rs. Papers.) JULIAN AND RICH ON ELASTIC EQUILIBRIUM INstRUcTURES 1291 [fF 
4 e writers were able to find very little test data on side-buckling of the _ 7 
1 resistance of such sections as H-columns. 
2 lotted from tests made at the University of am 
the top flange. The empirical formula thus 
5) | So far as the writers know, simil nn 
vd 
of Illinois Eng. Experiment Station Bulletin No. 68, Univ. 
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_Dontar, Srracuan, S. L. Moyer 


is a a wel written exposition of the of to a ‘statis- 


‘tical problem, but the writer thinks that while the graphical solution has cer- - 


tain advantages, they are not enough to make for the additional 


The writer believes that: Professor has over- estimated the 


“required for the arithmetical ‘method.§ 


‘ 
U. Bureau of Education, has solved thie problem uy in min. 
using, one and one- half sheets of letter- -size paper r. While it is , not fair t 


assume that the time required for an. expert is ‘normally to be expected in 
every ease, the writer believes that 4 hours is too much. WBE 


“ae The advantage of the graphical solution is in the) understanding and grasp 
derived ofthe problam of correlation while learning about this “method o f 
analysis ; but after having acquired a fairly good understanding of the mthod: 
the regular run of. such ‘problems may best ‘be solved the arithmetical 


method with the aid of a ‘computing ‘machine. In college the graphical solu- 
tion is used in the design of a plate girder or a Pratt truss, but the practic- 
ing bridge engineer uses the arithmetic method for such a standardized prob- 
lem. The correlation. ‘problem presented by Professor ‘Evans is is in much the 
same category. ti is a job to be turned over to an assistant 0 or ra computer 


the same as the computation of the closure and area of a survey of a boundary 


OE 


j 
| 

{ 

| 
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ete * This discussion (of the paper by Weston S. Evans, Esq., published in January, 1929, 
Proceedings, but not presented at any meeting of the ‘Bociety ) is printed in Proceedings 
in order ‘that the views may" be before all members for further dis- 
+ Engr. Cost Analyst, 1 Public Utilities Comm., Washington, 
t Received by the Secretary, January 19, 1929. 
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2 fected and are. ‘selling a correlation computing machine. Howev r, it is de- 
signed for the computa ion oad ‘correlations between time series rather 


Professor Evans’ lines of Tegression- ‘are ‘straight. and the 


oefficient of correlation is unusually high. In a problem in which the « corre- 


se - lation table clearly indicates a curved line 0 of regression, the writer wonders 


id whether it 5 would show an 
advantage over the arithmetic solution. For exal mple, suppose the raw regres- 
sion line (Fig. 12)* in the problem had shown a much more pronounced ten- 


"dency to carve up at the ends than it does, 1 thus it indicating the necessity of 


fitting a regression line of the form, y= a+ ba + Cc 2%, to the data, , would 
olu ition of the’ problem by thi eraiphidal!4 method be 
than that by the arithmetic solution? 
‘Three of, four places of decimals are quite sufficient for the problem pre- 


ce 


ented, bu ‘for partial correlation, additional places are necessary i as addi- 
tional factors added. _ For example, if it were desired to analyze the 


recorded results. of many tests of strength | of | concrete for ‘the purpose of esti- 


> mating the effect produced by various proportions. of cement, sand, 
stone, water, etc., , the methods of partial ¢ correlation are indicated as applicable. 


Partial: correlation. provides means of "estimating the effect produced by 


individual cause on that all other ¢ are 


4 


; of gravity of the table than to place it in | 
negative values, The position of the center of gravity can usually approxi- 
mated by. inspection ; in the author’s example it is in the block containing a 
“frequency” of 24 samples. The advantage is the same as that assuming 
the meridian near the: of a computing the area; it results 


each way, with the total of: cases, N, as much as 1000, 
more, the. arithmetic i is much simpler i if the assumed origin is taken near the 


rer 


center of gravity. of the table. One. can multiply i in his head by 12, but if the 
multiplier becomes 18 or 23, for example, it is easier to use paper : and peneil. 
the. origin: near the center gravity, virtually all the 


i 


e greater than 12. For example, in 
Fi ‘ig. 12, it will | noted shan in the fourth row, N = 22, = ny = 22 4 = 88, 


and = Xy = 8X 4= 852. of dot ai JL 


ce ee addition to the text cited by Professor Evans} (which may be regarded. 


as standard), the writer recommends} a text by Frederick C. Mills, Associate ; 


Professor of Business Statistics at Columbia University. 8 
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‘Papers. STRACHAN ON GRAPHI CAL PORE TIO OF A CORRELATION TAB 


, Sr TRACHAN,” * M. Am. ‘B00. E. +—The author lays 


‘more stress on methods of obtaining ‘standard deviation”, “coefficient of cor 
’, than on th the ‘question, _ “Why @ cor ela- 

foul As the answer is by no means self-evident, it. seems proper to state that— 
in, connection with the theory of probabilities, 1 with its voluminous: literature — 
concerning frequency « curves, probability. curves, frequency surfaces, , normal 


law. of error, and kindred subjects— -the correlation table or. r diagram, has" been 
developed for. the purpose of exhibiting two. observed properties or qualities oi: 


THE 
pertaining in ‘different degree to, a group of objects, in such a way ‘that the 


probable influ uence of either property on the other, may be made apparent. on 
‘Thus, the regression lines, “Equations: (5a) and (7a)t, or their loci in 

Fig. (12,8 indicate that if & mortar similar to the tested group has a strength | oe 

ratio of 80 at 7 days, it should have a ratio of 81. 9 at 28 days. On the other 


for a ratio. of 90 at 28 days, the probable ratio is 92. 2 at 


days. T hese are, of course, ‘expectations founded on. the averages represented 
by the regression Ines. Lil edt. ds ip oats 72 to nod 
__ The e data chosen by the author to illustrate his, method are of a type oops: i 
¥ 


ring requently i in engineering work. J For example, the effect of temperature 


on electrical 1 resistance, the influence of percentage of constituent metals on 
the strength o: of f an alloy, or that of wire- -drawing | on. the elastic modulus 


might be stud ed e ecti vel ly by s imilar means. 


5 


_ The author’s graphical derivation of the elements essential to. the building as 
of the diagram is ingenious, and gives evidence of much study. It. Pisa, ae 


to prove that most problems, however, complex, | may be made to yield t 


| graphics. The desideratum, however, is clearness combined with a simplicity 
commensurate with the conditions of. the problem. Clearnes 


ity ‘appear to the writer to “characterize the arithmetical summarization of 


12, rather than Figs. 4 to 10, inclusive, 
The author estimates that 4 hours should be sufficient for the complete 


| id 


n of this particular table by « either procedure; so that no 


is claimed for the graphical method on the score of speed. ‘The writer’ s impres- 


sion is that if a 4-hour record for this work amie, it must have been made 


an exceedingly clever draftsman. 
L. Move ER Esq. (by letter) ng the probable error, r, 


into a spread between two bounds of a zone of uncertainty, |] Professor Evans}} 


‘attaches a graphic meaning to this elusive’ index that i s most interesting le 
While the capacity of mathematics to express the degree of eredibility ma 
always be subject to question; yet the divergence | between the mean regressio 


t Proceedings, Am. Soc. January, 1929, ‘Papers Discussions, » 56. 
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tive accuracy of the ‘diferent parts: of he: of conclusions, electing | 


wealth o or scarcity of the data supporting it TROL, brig! 


~The procedure involves the method of least squares as applied by Professor 
Karl Pearson, and his collaborators ‘to the scatter of ‘observations along the 
: two axes: of X and Y. Asap practical test 0 of the validity ‘of these methods, 
2 Professor Pearson’s favorite experiment | was to examine the scatter of 1000 


4 shots fi fired at a line on a target, and these examinations constitute the only, 


2 


positive proof of the departure characteristics presumed to exist. ‘Under this 


method of interpretation, the trend or true value at “which ‘the’ shots are con 

ceived to be aimed, is missing; and the problem is to discover this line with- 

out giving an unwarranted weight to few scattering values. 
The x method of least: squares: was used by Karl Friedrich Gauss as early as | 
1795, and as later shown by him, it depends for its validity on the Gaussian 
Law of Ervor: _ This law results from a generalization of the binomial theorem 


sin as 3 the multi. nomial theorem. Iti is, in effect, an indefinite extension of 


ita are conceived to add to produce mm ion or score. This whole 
nme 


mathematical structure, therefore, rests on the premise that the haphazard 
the « elemental | causes unite by addition to produce. the e scatter ¢ effect. 


ORE Tt seems reas sonable to believe wes the human, mechanical, and other r varia- 
tions incident to , gunfire are most ‘likely to unite, by an addition ‘af the hap- 

catter of ‘shots 


hazard contributions from these in influencing the 


on the target. In fact, there seems ; to be very little question concerning - the 


e - applicability of the ¢ Gaussian law to the reconcilement of the ordinary human 


and. mechanical errors of observation, all of which may be considered as exert- 


ing an additive - influence o n the hay pha azard combination of causes. In the case 


of natural» henomena, however, a great. number of the known. results are 
; “multiples « of the causes, ‘rather 1 than summations, and it seems worth while to 
Be bear this fact in mind as a check on any unwise 3 assumption of accuracy which 


may” be ascribed to a of this kind. 
alti ™ _ The various increments of the chance i n the haphazard throw of one die, 


be symbolized by the successive terms” in the following expression : 
+2 at +2’ This may be called the | one- -die. series, and 


term. or r (a2) represents or one face o of the die or one of ‘the « six different, ‘equally, 


% likely ways in which one die may - fall. _ The plus signs are merely convenient 
bounds setting off the divisions between the different kinds of chances or 
opportunities and have no significance in the chance interpretation, although 


Th 


these: signs do serve a ‘mathematical purpose in ‘the determination of the 


‘chances for a number of dice in combination. The coefficient of each term of 
this expression (understood t to be unity) | indicates the count of ways, while the 


exponent of each (x) represents the numeral « or score ont the face of the die. 


i This symbolism means that there is one way to get a score of (1), one w way y to 


get ‘a score of (2), one ‘way to get a score of (8), ete., throughout the whole 
series of numbers carried by the various faces." Assuming that the ‘wiperals, 
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ich are accidentally. exposed the: throw of two to arrive 
a score ; this sort of coincidence may be symbolized by expanding the one-die 


series to. the second p power 7 that is, by multiplying the same by another | 
such series symbolizing a second die. Int this process, the exponent representing 


the numeral on each. face of the first die will be added to the exponent repre . 
senting the numeral on each face of the second die, ‘and the coefficient of each ‘ 
term of the result will total the count of ways in which each new exponent or 
additive score may be obtained. This result may be called the two dice series 


This symbolism mes means that there i is but | one way ‘to get a score ‘of (2), two ways 


to get a score of | (3), three ways to. get (4), ete., t throughout the whole we 
“ending i in two ways to get a score of (11) and but one way to get a score of bs 


(12). The actual process of carrying out the e multiplication of ‘two sin 


series to arrive at this result, seems to afford the most illuminating approach 
to an adequate conception of chance that has ever been devised. eons 
ue The power to which the single- die series is raised, in this process, 
izes the number of dice in combination, and this holds true for any number — 

of dice falling in fortuitous coincidence. For four dice in haphazard | addi- i 


tion, the chance i 18 ‘symbolized by - expanding the single- die series to the fourth o 
power, or or the two dice series to the second : power. In this e expansion, -the total 


of the ways to fall in combination, must always equal the number of faces on 
one die raised to the x power of- the number of dice in combination, or in the case 


of four ‘ dice, six to the fourth ‘power of 1296 ways. The resulting eee and 
counts | of ways for four dice scored by addition are shown in Table 2 


Scor 


to 484 


‘981 to 991 
to 1 052 
1 058 to 1113 


by multiplication of the 
y exposed, lating any | of the dictates of logic or 
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“typify multiple: Goorin ‘of the it is necessary to 


the’ strict prineiples in the process of the 


power of the number of | 


symbolizes: the addition of ‘Chih two dice numerals to arrive ‘ata score. Tt 


be: apparent then, that the purpose of scores by” multiplication may be 


attained by ‘simply multiplying’ ‘the exponents each of these operations, 
instead ‘of adding. The number of products or ways of combination, in this 


process, will ‘be exactly the s same as 3 the number of sums or ways of combina- 


ne four dice is the product of four ones or unity while the maximum score is the 
is product of four ‘sixes or 1 296, This. range, from. 1 to 1.296 for four dice i in 


ine multiplication, is ‘comparable to the range from 4 to 24 for four dice in addi- ry 
os ion, and in order to show a fair comparison of these two ) styles of count t 


- distribution, the > multiple dice scores have been divided into twenty- one classes 


count of, ways Se each of these lasses or arrays of multiple scores four 


of these two. ‘different styles of haphazard combination. The: total of all the 
ifferent. arrays” of count of. ways will be seen to be exactly the same for either 
_ additive or multiple combination (or 1 296), while. the count distribution has 


characteristics for these two styles of combination. 
. Ac comparison of the distribution of ways by haphazard addition, as shown 
n Table 2, with the count distribution, N’, of observations in Fig. 12 against 


el two axes of X and r; suggests that the principles of the ‘Gaussian law may 


be said to be fairly applicable to the problem illustrated. There are, however, 
possible limitations to the capacity the Pearsonian system 0 of correlation 


278 


as that it seems well’ to weigh. a Considering the distribution of the count of ¥ ways 


resulting z from the haphazard multiplication of four dice, as shown in Table 2, 


it becomes apparent that it would be futile to attempt to oncile this style 


‘ 
of scatter by any such methods. [aie Me. oat! 


TABLE 8- 3. —Four Dice oF OF Co 


4 


‘Haier 


af 
‘violate 
— ir 

4 

= 

* 3 

<2. 

* 

4 

— 

—— 
— 


of causes in multiplication i is not ‘the only prospective dif. 
x tae which may be encountered. — A great number of the contributions to a 
q given result i in Nature, in turn, may originate in some common cause or cir- me 
cumstance, and the values combined are thus of » the ¢ common probability. kind ; 


of the haphazard probability kind; that is, they, display style. 
combination analogous toa 1 dice score of 4 ones, 4 twos, 4 threes, ete. In the 


case of elements combining by addition, this - results i ina magnification of the 


& rend of magnitudes for the original elements, whatever that may be; 


saat case of elements ¢ combining by ‘multiplication, the results must bear 


eometric to the sources. These two phases of, the possible ways of 


has been pr previously suggested by the w: writer® i in of rain- 
- fall and run-off expectancy. These studies are still too fragmentary but, inas- 


- much as the literature of the subject extending back over a period of more than 


a century, seems to be 1 unaccountably silent | concerning these aspects, ‘it seems 
wise to call attention at this time to the possible revolutionary effect on cor 


that these distinctions may involve. 
e Hatou,t Ese. (by letter). -{—The engineer is frequently con 


fronted | with the problem of determining the relation between two. 


eS 3 There are several methods of doing this, varying i in their accuracy 


from the simple, direct method of fitting the curve by eye, to ‘the more elaborate o 


| ‘method of Least Squares. _ To obtain the equation of the curve, a straight- 

; line e relationship between the variables or functions of the variables i is usually 
sought. _ Although a a visual examination of ' the extent of scatter or deviation of 
the points from the straight line of best fit gives some idea of the closenes: | 


. of f fit, the degree of relationship is not fixed. This disadvantage i is overcome 


he basis of analysis. This: approach possesses sev- 
eral advantages not generally appreciated by engineers. ah 


. ‘Two measures are said to be correlated§ when, a a a series of the first measure 
4 of: definite s sizes being selected, the means of the corresponding sizes of the 
second measure are fo nd to be a function of the first. by 3 they are inde- 


pendent of the first measure, the measures are said to be non- -correlated. ay 
fundamental requirement ‘of this method of analysis” is 3 that the relationship 
be linear, or capable of being rectified to a linear function. Low correlation, 


therefore, does not necessarily mean absence of relationship ; it may imply, 


simply, the absence of linear correlation. Thus, when y=k 2 , there may be 


low correlation between y and 2, but high correlation between log y y and “| 
ince in the latter form the function i is linea a 


1 test for linearity has been « developed. 


By gto ‘the means of the second measure against the selected sizes of 
ice versa, two lines known as regression lines are ob 


§ See Biometry and Statistics, of by Raymond “Pearl, Ww. B. Co., 
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and they coincide. 
When the athematieally, ‘the regression lines. 
assume positions to each As the of mathematical 
varies from complete independence to perfect correlation, the 
ngle between the regression lines decreases from 90 ‘to 0 degrees. — The -coefii- % 


cient of correlation, defined by the author," finds its basis in this fact. Py, 
ca n be shown. that the ‘slope of the regression line of Y on . X has the value: 


~ 


r 0, by the reciprocal of the two. ‘Vines fall. 


together. Wher = 0, by and b, = ( 0, and the regression lines are per-_ 
a gon T The coefficient of correlation may have any value between | + 1 0 and — Sit 1.0, 
‘a positive value indicating a relation between the two “measures and 


negative value an inverse relation. : It i is easily, shown that r can never have 


value greater than 1.0: nor less than —1 0. ‘The: following arbitrary scale of 


relationship in terms of the coefficient has been su su ggested PRA: 


Per fect correlation 
‘High correlation. = 0.175 to 1.0 
Considerable co rre ‘lation he 0.50 to 0.75 


Wa 


additional n of the of is given 

of the coefficient of correlation. definition, it is a measure of the 

i ‘reliability of the coefficient itself, this. reliability increasing as the ratio of the 
coefficient to its probable error. increases. In. practice, the coefficient is not 

to be statistically s significant unless it has a value greater than Six 
_ times its probable e error. Thus, a value (of 0.3976 M08 indicates | 


erate, but nevertheless significant, , correlation; w hereas value, _ of 


f = 0. 7693 0.2610 indicates high correlation, but has little ‘statistical | reli. 
_ ability, : since the coefficient. i is only three times its probable e error. Anpecouogberu § 


‘a It should be understood that correlation does not necessarily imply. casual 
relationship. The coefficient of correlation is simply measure of the 


relation n existing, between two variables. If this fact i is kept in mind, 


erroneous s conclusions n may be : avoided. bow 409 


that the curves and eawations thus obtained are identie: al with 


given by the Method of Least Squares. + | das 


The coefiicient of corr relation may also be used as a measure of the rela ative 
alue of ¥ arious “vardsticks” as indices of a certain An 
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does. not 


with the be measured; conversely, snide up of all 


actors will highly correl lated with that condition. 
point it well illustrated i in a recent paper dealing with the com parativ 
p I pe 
alues of “cooling power” and ‘ ‘effective _temperature as measures of condi- 


s of comfort in- ventilation.* Taking pulse rate dei a ‘measure of 


following coefficients were the two methods: 


rate > and effective temperature. 


0.7845 + 0.029 


These results indicate high correlation pulse rate and tem- 

perature and lower correlation between cooling power ‘and pulse rate. 


* over, the coefiicient of correlation between effective temperature and pulse rate 
is tw enh sev ven times its probable | error; whereas i in the case of cooling | powe 


wie 
rate, the coefficient is only ten times its probable error. Hence, it 


“may be conctitdad that effective temper rature constitutes a better index of body 
- comfort (as measured by pulse rate) than cooling | power. eae 


‘The preceding | statements have to do with simple correlation: between two 
related variables. Not infrequently, however, it is necessary to the 


laws of relationship between three or more variables. In laboratory investiga- _ 
tions, this is done by controlling certain of the variable factors in each apie 


. 


- ment. In dealing with nataral phenomena, this procedure i is not possible, but i 


Let’) 


it can be done ‘mathematically. by ‘methods of partial correlation. ‘The coeffi 
ecient of partial | correlation gives the degree of relationship between two vari- 
— ables, when all others are held constant by the > mathematical ‘process, and can 


118.84. 1 [rt n.34... — [rs 


or 


Phe subseripts indicate that the correlation is een n Measures: 1 2, with 


Measures, 3, held constant. For three variables, the expression becomes: 


YS 


tion (12). 
‘The ‘effect of altitude and distance from the ocean upon the annual rainfall 
n th 


determined from the data 
» correlation, the fol- 


Rainfall and distance, r= 


ing coefficients are ol 


— 
») 
ull 
a 
— 
3 
be — 
he 
ates 
ind, 
{ 
1928, 10, 331 and T. C. Angus, Journal of Indust ective Tempera- 


efficients simple correlatio rain nfall 
increases with altitude; (b) altitude and (c) rain-— 


fall increases with distance. he increase of rainfall with however, i ol 


wale 


oefficients of correlation y be used. These are found t 


Partial rainfall ‘and altitude, r= 
tial coefficient between rainfall and distance, r = 


hese coefficients show high positive correlation between rainfall aid dtitede 

when ‘distance is held constant and rather. low negative > correlation between 


rainfall and ‘distance when altitude is held constant. This: inverse relation- 


i 
ship between rainfall and distance which is ‘obtained by partial correlation | is” 
accordance with the laws of rainfall. uti 


rom a knowledge of the coefficients of partial correlation, i 


write the equation of. the ‘relationship between the variables 


‘measures, , the equation has the form: 


Rus ,and are the measures; M,, » and M, are their means; 
and 6, are their standard deviations; ‘and t allt, 


12. 35 
- For this example, when X. , is the annual rainfall, in inches, ae is the altitude, 
in feet, and XY, is the distance from the ocean, in miles: siping a 


‘These examples: are cited i in order to illustrate the use of 


problems. 
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IMPACT 


B. S.ack, M. Ax. Soo. 0. 


available on “stresses in bridges the 
"Committee has rendered a distinct Service to all engineers concerned. ~The 


allowanee made for. impact in highway bridge ‘design has varied widely, ‘bain 


different in almost every specification. Some engineers have ‘taken the 
tion that the available data were 1 not conclusive and have made no allowance 


‘ for impact, while others, through probable misinterpretation of the data, have | ae 


nade allowances SW which appear unreasonably high. The recommendation of 


Committee i is happy medium between these extreme positions. 
One of the 1 main criticisms which will undoubtedly. be made of the 


n span length is the same for a 


"members, whereas maximum stresses in the web members are caused by much 


shorter loads than the full span length; hence, impact allowance should 

be made. To meet this condition, L of the e impact. formula has frequently 
¥ been taken as the loaded length instead of the span length, as suggested by the 

~ Committee. § The: result of taking L as the loaded length i is ‘that the allow- 
for impact: is uniform for the chord members, but varies for the 
web member in each panel. 


to be a needless refinement ‘ial the Committee i is to be ommended for sim- 
-plifying the practice by recommending a formulat which will give a uniform 
aioe throughout a given span. A further justification of this course is 


he sheer weight of a moders highway bridge with concrete floor 


is 


This discussion (of the Final Report of the Special Committee on Impact in Highway 
x ridges, presented ‘at the Annual Meeting, January 16, 1929, and published in March, 1929 
| Proceedings), is printed in Proceedings, in order ‘that the views expressed may be b 


Bridge Engr., State Highway Board of Georgia, Point G 
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ic 
has a great absorbing i in rti ia, and | 


certain cases such counters or unus sual deeigua, 
proposed by the Committee e probably does not provide ‘sufficient allowance for 


‘impact. These are ‘such special and limited “cases, however, 
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_PAPERS AND DISCUSSIONS 


n esp nsible for a any statement ‘mad 


sion 


8. PaicHann, M. AM. Soo. C. 


A 1 
the "Progress ‘reports, made in January, 1926,§ ¢ January, 1929 by the 


‘Special Committee on Steel Column Research, excites admiration for exten- 


sive, painstaking, able analyses, and gives ground for hope that ‘much 


=. 


4 


investigations have 


fave been completed. The final report: will be awaited with 
4 modulus of elasticity, being constant for ‘the material to which’ 
details, are properly proportioned. In general, the as if 


practical value will result from the research after the contemplated furth 
.'s The theory of flexure i is based on the proportionality of stress to: strain and — 
- theory - is applied. Ww hen it Is applied to a | body as a whole, it is assumed that 


parts i is ‘negligible. It is gratifying to find s so ‘much of 


physical investigations within these "qualifications. It. is also. ‘gratifying that 


° 


the modulus of elasticity for steel proved to be so nearly uniform for all cases — 


observed, and that the: mathematical analyses. based on proportionality « 
stress to strain agree with experimental as far as the general 


ac. 


‘Engineers ‘gai architects, for many years, have. based practice with 


regard to beams on the ordinary theory of | flexure, and during the same period _ 


have based their practice as regards columms on arbitrary formulas, some being — A 


5 pe This discussion (of the Progress Report of ‘the Special Committee on Steel Column 
‘s Research, presented at ‘the Annual Meeting January 16, 1929, and published in February, 
1929, Proceedings), is printed in Proceedings, in order~ that the views expressed may be > 

Analytical Engr., Am. Bridge Co., Pittsburgh, Pa 


_§ Transactions, Am. Soc. C. E., Vol. 89 (1926), p. 1485.0 
|| Proceedings, Am. Soc. C. E., February, 1929, Papers and amass’ p. 857. 
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mile of- thumb methods modified more or lees by experiments 


based on theories or mere notions. ‘Yet the ordinary ‘theory of flexure 
better confirmation in the case of columns than i in that of beams. — This 3 is ae | 
in part to the facts that the ordinary theo ry of flexure neglects: the ‘influence | 
shear on deformation. end shear is more of a factor beams” thar 4q 


i 


columns. he per manent sets under transvérsé loads indicted in Column (6) 3 


of Table Be may have been due to the transverse load at the center being | 
almost « cone en ntrated ona a line. The theory of flexure, which neglects 


of stresses intensp enough to “produce permament sets. When’ ‘the 


h higher than those ‘indicated by the ordinary theory, 


ere would be subjected oy no shear ; but in order that the various fibers con- 
‘ aa ‘stituting the column shall act together, it must have potential resistance to 


shear. This potential resistance has been neglected in Euler’s. formula, in 


consequence of that formula. gives a result which | is, theoretically, 


slightly too great, but only very slightly so for a ‘column ‘with a reasonable 


mee 35,§ advocating “Factor o of Safety Method in . Column Design”, is 


Mid 


highly commendable and should receive special consideration, _ If “rational: 


“methods of ‘computing the relation between loads and stresses and. shears. are 
used, then, actually t to ‘obtain, i in a column, the factor of safety desired, it must 
be applied to the critical load and not to ‘the critical stress ‘or shear, the — 


4 
critical load being the load which would produce the ‘exitival | stress or. shear; - 


* the logical process in column design is to select a formula which 
a il as nearly as practicable give values of ultimate strength, or some Sint | 
vhich represents the practical ultimate value of the column; then to divide the - 
_ resulting value of average stress, P/A, by the factor of safety CORSEPORRENE ; 


to that used in other members * * TOD TO an! 


This leaves an open question as to Just 1 what at point i in loading should be con 


“The ‘Society’s Special Committee on Steel and Struts use 
of what was named by it the ‘Useful Limit Point’ (U. L. P.){ as being of more 


significance in some respects than the ultimate strength of the column or the — 


a Proceedings, ‘Am. Soc. C. E., February, 1929, eo and Discussions, p. 372. || 


_.. ¢ Transactions, Am. Soc. C. E., Vol. 89 (1926), | 1257, Equation (22) ; see, also, ‘Vol. 
(1912), pp. 932-953, for effect of shear on of beams. 
ere ass cit., Vol. 89 (1926), p. 1423; see, also, Engineering News, February : 25, Awe p. 

Soc. C. E., February, 1929, Papers and Discussions, 


Soc. C. BE. Vol.’ 88 (1926), 1487, 
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of beam”, and the ultimate tensile strength. The “yield point” as furnished 


it is adhere to this in of all 

available data. Information does not exist to the U. L. P. in 
great many of the tests that have been made; but, nevertheless, it is belies 

that the results of such tests are valuable and cannot be neglected. Pes wT 

The Committee further stated :* t 


t is possible that some such point as s the U. L. P. used by the actsail, 
Special Committee on Steel Columns and Struts would be a more accurate 
reference point than the yield point, but as no other tests give this informa- 
tion,t it seemed best to use the yield point instead, and it is believed that - 


diagrams represent fairly the relations indicated. | 
“The difficulty of securing correct information regarding the elastic ‘prop- 
erties of the material actually used i is well known. The values of yield point + g 
_ dgtermined by the usual ‘drop « of the beam’ method depend largely on the 

details of testing; the mill tests vary largely from laboratory tests; and the — 

material varies greatly n ent points in ‘the 


The writer’s opinion of the of a steel member in 
direct compression or tension, in the formation of which he gave great weight ie 


tothe report of the Special Committee on Steel Columns and Struts, has ~i : 


In ordinary cases the only criteria which an engineer ior architect has of the 

strength of the steel in the structure he has designed, are the : specimen test en ee 1 


furnished: by the mill, of the tensile yield point, as determined by “drop of ce : 


by the mill is often much higher than that found in laboratories, ‘such as that 


of the U. S. Bureau of Standards, and is usually much higher for : ' specimens jae 


by ‘ ‘drop of beam’ specimen a 4in, by 

a greater than that of a specimen from a 3 in. by 12-in. flat, although they were 

from the same blow of Bessemer steel.g ‘The extremes in the 

U. P2 of the columns made of 60000 lb. (desired) steel, tested for the 

- Society’s Special Committee on Steel Columns and Struts were 19 000 : and 


The great, differences i in utilizable strength due to the thermal and 
cal conditions encountered in the normal processes of manufac ure, as dis 


tinguished from differences in chemical composition, overshadow the differences 
due to length, radius of gyration, , and form of cross- ~section, in ¢ cases where the 


* Transactions, Am. Soc. C. E., Vol. 89 (1926), p. 1522, 
a | In numerous tests contained in various Watertown Arsenal reports the strains near the 
U. L. P. were recorded at short intervals of stress. In — of such cases, the U. L. P. can be 
Transactions, Am. Soc. C. E., Vol. (1926), 
§ Loc. , Vol. . XVII (708%), Table 1, 68(a). 
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stress ‘by’ its mage of stiffness. In long ‘columns, ‘the: 
- intensity of elastic stress which ‘steel will resist is not so much of a factor.* 


} 
ey he members of framed structures, even pin-connected ones, have second- 
stresses, addition to direct stresses.’ The direct stresses are gener- 


ally computed as if thé structure were perfectly articulated and | th 


between the _combin ned stresses and the direct. stresses are ¢ 
The determination of the secondary. stresses is a py 


_ cated matter. It requires for each member a consideration of all the members, 
- including their section and make- -up, _ and, from a practical point of view, 


: only approximate, on account of the complication due to connections at the : 
ends of the 


members. Apart from these considerations, a as the determination o of 
stresses is the of stress: to strain, it can only 


w of to. intensity af stress ‘steel 
saree are liable in | many of their details and of uncertainties as to. the 


elastic resistance to stress possessed bythe. numerous pieces 0 of steel ‘used, it is 


a manent set—after it has Bat subjected to ) plastic deformation i in service. e. This 


"phase of the subject. should and probably. will form part of the ‘esearch of the ; 


Committee before it has concluded its labors, “acl? oft od ad 


The ‘many phases: involved i in column research should be kept. in mind 


judging the reports of the ‘Committee; otherwise, too much vill be ‘expected. 
Many uncertainties are inevitable: under the conditions" 


Transactions, Am. Soc. ‘Vol. 89 *(1926), p. (1292, 
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This Society is not responeible for any made expressed 


— 
Discussion* 


By I OEsTERBLoM, M. 


pris 


paper has been very numerous discussions: have been submitted 
for an extended period would possibly indicate that the question raised has real 

§ and timely interest. . Generally this has been admitted by the discussors. The 
purpose and also the contents of the paper have been ‘commented on with 
approval, and whatever | criticism has been submitted has been searching and 
. Some of it gone beyond the scope of the paper, but it 
has been valuable, nevertheless. “Thus, from two different impulses, there have — 
“secured supplementary, ‘useful ideas az and. methods as well as definite 
formation | in ‘regard to simplified designe of continuous beams. _ 


was omitted from the original paper. The question might be raise 


ifa very complete | paper on the subject would not have been an unfortunate 
‘eontribution. It would have reduced the opportunity of supplementary con-— 


ibutions from interested e engineers, but even worse than | ‘that, it , would have ‘ 
entered into’ the more of stresses and strains in elastic frames, 


alread 


It was the | purpose of the paper—unfortuna aly tt seems to have been insuf- 


ficiently reduce to easily workable form some the Very com- 


Perhaps the examples given were e presented in a manner | which seemed — 


contradict the purpose of speed i in execution. By neglecting variability of _ 
rig Discussion on the paper by I. Oesterblom, M. Am. Soc. C. E., continued from February, 
1929, Proceedings. - By an error a part of this discussion was omitted when it was published 
in April, 1929, Proceedings therefore published herein: in for the benefit f the 
Structural Engr., St. 
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Some of the critics have definitely expressed the opinion that a great dca = 
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or a a very y close approxima- 

=< The pa should be left as shown, however, because they give 1 


completely accurately all that is essential for ‘simple cases: ‘continuity 


mits outlined. They are typical of cases wi “most extensive 


bias the ‘routine ne work ein. a designing ¢ offie 
“Table 18 would possibly serve best. , See Example 1 *) 


‘TABLE 13. FOR 


Dead load........ 
Live load 


NT Facrons (6), 


i 


oe quis | 


? 


error for. ‘the support moment only, and this is 


taking the live load at 60 Ib. instead of 80 Ib. for the center « span. ‘The error is 


less than i percent. nal mut to moo betiotly 
‘notations ‘obviously are sufficient, with the ‘multiplications 
‘The simplest problems thus ¢ can an be solved in less 
It ds necessary to emphasize the simplicity and the time element, 
because so many “simplified methods” have been suggested in the discussion. 
These are all excellent, and will be referred to in the ] proper | place, but they gen- . 
erally fail to take the final step of producing directly applicable moment 


factors. While there must be problems which require a great deal of care and» 


fons, p. 719. 
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OESTERBLOM oN” CONTINUOUS BEAMS OVER SPANS- 


A 


ly ip methods. Anything less 
F than this ‘would merely a as it has in nt past, a great amount of rough 


“approximations with corresponding ‘inaccuracies. This is an economic -prob- 


% lem; if the cost of designing ‘should run too high, it will be turned into a gal game 


is is not discounting the many excellent contributions which are of a 


upplementary nature. They “are truly supplementary, because th hey show | how 


t to imagine a more graceful, i 


% Goes than that of Hardy Oross,* M. Am. Soe. O. 

by George E. Beggs, Hos. ©. E,, both. ‘ot 
oS application and each its special, although somewhat overlapping, field of us 1se- 
fulness. Professor Cross’ method contains « a very. slight approximation, but 3 it. 
q is entirely too small to consider i in view of the exceedingly valuable time- saving 


Professor Cross? method is recommended for all cases of 


63) 


fe tinuity, that are not, soluble, or should not be. solved | by means of ready- made pe 
moment factors. Professor Beggs’ ‘method requires a set of instruments and 


manipulation of celluloid models. the complete ‘equipment. at hand 
s usefulness would be unlimited. 
is particularly gratifying, therefore, ; that these. two methods were intro- 


duced by Professors Mylreat and Pareel,t 1 but while this acknowledgment, is” 

made with gratitude for the reference and. admiration for the methods, it is 

0 only” fair to state that they « offer neither ataticn “nor obsolescence for the 

‘The paper is elementary i in its nature; but none the less it was not intended re 


| s a text for junior students. It. assumed that the reader would know that : 


there w were additional yomasieng ; it also’ assumed that he would know when the 
| tables would 1 not be permissible. If the | 


. writer took this knowledge palate erroneously, it has been made very > 


7 


restraints or supported elements, all possibilities for consider- 


pe Fortunately, however, the vast majority of continuous beams are ¢ of three 


‘spans ar and a1 are freely or almost freely supported. | The tables and formulas in i 
the paper are, therefore, an offering to those engineers—and their assistants— 
: who thoroughly know t their elasticity problems, but who « are none the | less look- 


iz for a rapid and accurate solution of. those that. confront them most fre- 
conn _* Available in mimeographed copies for the students of the Univ. of Illinois. | 
Proceedings, Am. Soc. C. E., February, 1929, Fapers and. 484 
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ERBLOM 
an, from the 2 many methods 
possible, the three-moment theorem was selected as a basis for the paper. It i is 


more than that, however. It is a tribute toa most graceful ‘and accurate 


of an old” ‘Problem, has | having attained 


ematical 1 masterpieces analyzing 


‘stress at and strain i in. elastic frames had the practical e effect of | 

the elementary i issues and setting up—instead of desired simplicity and accurac 

—a chimera of faith, hope, and fantasy, which, unfortunately, has been set i 


a golden frame by committees of authorities a: and experts. This e evil is interna- 
tional, but, curiously enough, it ‘is subject to worship, nationally. 
3 a0 a rom this viewpoint the method introduced by Professor Cross is particu- — 


significant. From the mass of formulas that are always necessary he has 

extracted all the essential factors and eliminated others which have 

cant effects on the result and “merely” tend to confuse the designer in his - 

question has been raised as to what extent brick walls would serve 


as a restraint for the floor construction. — 
matical answer. To one who has spent deal of the feld, 
restraint appears to be generally small. Sometimes, the walls may be heavy, 


WAR 


the brick especially good, and the mortar, excellent—any_ one or all of ‘these— 


and restraint then may be considered. certainly should e considered 
r it may introduce an element. of weakness, but this is seldom” the 


e with t the supported three- “span elements. More often the restraint 
very ‘small, the reduction of moments would likewise be small, and the Pro- 
formulas’ and factors be sufficient. the 


riter | agrees” that shrinkage ‘stresses in concrete frames are of definite 


as “measured by prevailing moisture conditions sin 
their relation to the imperme ability of the these changes 


weiter: has made a general study | of this subject, is eat 
deal of "specific investigation yet to be done along these lines, before -colloida 
"stresses m may be definitely predetermined. As ‘the shrinkage stresses, in their 


nature, are colloidal, Mr. Way is due special thanks for pointing out their 


significance: Greater however, is to be ound in changes 


Proceedings, Am. Soc. C. E., October, 1928, Papers and 
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noted ; hi 
"relative ‘positions anc also hee: setting stresses | in 


the viewpoint of bringing out the necessity of furt her investigs atio 


lines, the discussion has espec ally fruitful. Some discus- 
have the ; paper was ‘intended as a guide solely. for 


matter of 1 necessity, the concrete designers ‘were Jong 
compelled pay to continuity in a frame, but steel 


also soon had to “follow suit.” To assume a free connection for a girder in 


i 

computing» stresses ‘to load—and that the same_ “connection was elasti 


Professor Morris’. ‘contribution* is, therefore, especially ‘He 


expressed the desirability for a clear statement of fundamentals and for 
‘reserving for special discussion the peculiarities “of individual materials. 


‘Some ‘discussion has been unnecessarily critical for want of clarity on ‘this 


point; on the other hand, there have been most excellent. supplements with 


3 


"many useful methods, formulas, tables, etc., added to the original paper. The — 


discussions of Messrs. ‘Hyde, ‘Wilder,t Hickerson, § and Caugh ey || are “very 
valuable from this” point of view. idi tot 


Messrs. Wessman, Way, and ‘Snethlage. seem to agree” the ps 


in regard to to conventional practice. Mr. Wessman’s 


‘experience evidently is limited to more recent. years, during which better” 
design methods have been making remarkable progress. ‘His connections, 


‘ 


The writer's being forced to battle against antiquated 
‘many, ‘Be, has: statements from 
ressive 
turned | ynics becanse they have often been 
—th commercially minded or the ‘ ‘stick in the mud” variety— —to do what 
Way**. seems to have been fortunately placed. His cheerful 


ment ‘is therefore, gratifying, but it does not cover ‘the full field. That sO re 


ro 


Ys whe are at fault. have failed to offer any contributions 


by Me Snethlanett bas special interest, ‘because he admi 


F Proceedings, Am. 


January, 1929, Papers and Discussions, p. 157. ty 
, February, 1929, Papers and Discussions, p. 
, August, 1928, Papers and Discussions, p. 
ny October, 1928, Papers and Discussions, p. 2373. 
. cit., February, 1929, Papers and Discussions, p. 483. 
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|| factors” for variable spans, whereas no such use was ever intended by the i) 
4 Bo members of the Joint Committee on Specifications for Concrete and Reine _ 
forced Coneretet} ot bodies of equal authority. There could be 
demonstration that confused ideas prevail and that greater clarity is needog. 


BLOM 0 CONTINUOUS BEAMS ( OVER THREE SPANS : 


far fro 

tainty in that the designer never paooea how far from anger he really is, or 


w much material is] being u used wastefully. 


Professor Mylrea* makes reference to the graphical 
> Messrs. _Nishkian and Steinman. + There seems to be one error in the presen- a 


tation, which must be guarded against in use—the necessity for transforming 
when spans are changed, to compensate for v variability of section. 


_ There is an especially clear ‘statement of the 
the y writer’s forrtulas and tables from Mr. Hadley. robe dwells again on the 


at 


importance of typical designs, and i in a much clearer 1 manner tk 


joists may be built. Error and waste are, 


There:r must tbe some e inducement, however, t to designing even the: numerous 


lies ‘the justification ‘this paper. ‘Tt is to be hoped, that. 4 


tables may soon be supplemented and ultimately experimental 


te 


moment factors obtained by 
Mr. Hadley refers§ to ‘the writer’s statement 


trated loads and de demands a am more complete explanation. is obvi- 
ously first and foremost to “the many s0- -called joist designs, ¥ where e complete 


may be assumed. It should be noted, however, that even quarter 4 


Hence, ‘the tables may ‘be ‘used— judiciously, of ‘eourse—even. fiw 


‘Thanks to Professor Hickerson| it has ‘been possible to verify “again the 
accuracy of the numerical factors in Table As a a result, of ‘these 


coefficients have been ¢ ‘corrected by one ‘unit in the third place. he 
. time an added confidence in the reliability of these factors i is afforded. Rica 
The Joint Committee on Specifications 
Conerete has found a defender in “Mr. Way." The excellent 


Committee cannot be questioned. It was merely its attitude of ineonsistency 
in in regard to proposed moment factors which was deplored. Either the ‘subject 
ould have been treated more- fully, or it should have been treated in general 4 
terms only. To select the ‘simplest problems and to treat these in great detail, | 


while at the same time omitting completely all the more difficult 
confuse those who need the guidance of the report. of 


 $ Proceedings, Am. Soc. C. E., November, 1928, Papers and Discussions, p. 2559. 
|| Loc. cit., January, 1929, ‘Papers and Discussions, p. 157. 
ff Loc. ot. ., March, 1928, Papers and Discussions, p. 719. of 
, October, 1928, Papers and Discussions, p. 2373 
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frequent errors of design n due to misinterpretation of the e moment { hivtems spec 
fied by the Joint Committee, t this criticism seems 18 pertinen ae 


that the i of. creating ‘ has made it 
for Code Committees to adopt empirical factors. The effect of these empirical 
factors seems to have been the reverse of ‘what was intended, namely, to 
induce unqualified people to undertake difficult designs: by: the simple expe- 


limitations of a legal “eode” or ommittee report” (which, in advance of 


knowledge on a subject, an inticipates the ¢ i code). It is not the wr iter’s 


ee. should endeavor to establish by code or - rule ‘simple matters that 


or anything experimentally determinable ‘therefrom. A 
should cover only matters of judgment where there i a chance” of 


selection and 
“men will 
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MEMOIRS OF DECE ASED MEMBE RS 


Abbot was born in Cambridge, on 1858. 
He was | son of Henry Be and Mary Susan. (Everett) Abbot, his father hav- 


ing been a Brigadier- -General i in 1 the United States’ Army, an and an officer of dis- 
tinction both as a Civil and a Military Engineer, SSE: 


_ Mr. Abbot was educated at private schools until he received an _ appoin 


“ment ‘to the United States” Military Academy at Wes est Point, N. Y., to which 
institution he was admitted as a Cadet on July 1, 1875. . He ‘wait ieeadiiueda i 


1879, at the head of his class, and was commissioned ‘a Second ui 
Corps of Engineers, U U.S. Army. 


__ was promoted to the grade. of First Lieutenant on J 17, 1881; 
tain, on July 22, | 1888; Major, on July 5, 1898; Lieutenant- Colonel, on ‘Sep- 
tember 9, 1906; on 1909; Brigadier -General, National. 


Army, on August 5, 1917. He ‘was placed 6 on. the retired list ein wosdeit of 


physical disability ineurred in the line of duty on May 10, 1920, after” ‘more 


than forty years of commissioned | service, all Be which was with the Corps of 


ts General Abbot had a varied and extensive career of service both as a Civil 

and as a Military Engineer. After graduating from West Point he was | 
assigned to duty at the United States Engineer School Fort 
Totten, Néw York Hai rbor. While atten this school he translated and 
published for the instruction of student officers, Colonel Schiednagel’s book Bas 
on “Submarine Mines” (Spanish), and Schlicting’s “Navigable Non-Tidal 
Rivers” (German). rom June, 1882, 1884, as. Assist-— 


and Virginia. In August, 1884, he became Assistant on improve 
‘mess t of riv rs and harbors i in North Carolina and South Carolina, and on the 
construction. of fortifications along the South Atlantic: Coast. 
1888, to ‘September, 1897, he was in charge of these works, ‘completing | the 
ject for obtaining a channel o of 21 ft. across” the bar at the « entrance to the 
Charleston, Harbor, by 1 means of converging jetties ; constructing a bate 
tery for sixteen 12- -in. mortars on a ‘swamp foundation ; and constructing 
| emplacements for 10-in. guns operating on disappearing gun carriages. soba 
bo! From September, 1897, to August, 1900, General Abbot (then a Major), % 
was in charge of the river and harbor works of Minnesota and Wisconsin, as 
constructing two large r reservoir dams at. the head- “waters of 
River, and a lock and dam i in that river above St. Paul, Minn. 
sd From August, 1900, to April, 1910, he served as Assistant to the Chief of 
Engineers, ‘Uz. S. . Army, with ‘station at Washington, D. In April, 1910, 


r prepared | by c. 
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ANDERSON (Memoirs, 


4 


ee From October, 1917, until his ‘retirement, he amin wires as Assistant t 
the Chief of Faginecre, acting as Chief of the Division of spent 


training, and ‘of. more than 300 000 engineer “troops. for s service 

= in the World ‘War. He also acted as Chief of Engineers on numerous. “occa- 
8. s. During this service General Abbot was a of numerous 
important were the of Engineers for the Board of Engi- 
neers for Rivers and the New York Harbor Line Board, the Boston 


‘stations at ‘al. ‘seacoast defenses: in the United States, and a Board 
dppointed to -ordinate the work of the Corps of Engineers, Ordinance 

aoe _ While: General Abbot’s services in the field asa Civil Engineer were highly 
oh creditable, he obtained his greatest: reputation as a Military Engineer and as 


an Administrative ‘Officer, having been awarded a Distinguished Service Medal 
by the War Department for his service during the World War, the citation 


vi OF F meritorious and ‘distinguished service in the! 


os The pars sentence of this. citation can be applied to his entire career, 


‘His zeal was untiring and the success of his efforts marked.” 3 


Abbot was elected a Member of ‘the American of Civil 


Engineers on December 8, 1884, ban 
ROBERT PAUL ANDERSON, Am. Soe. ©. » 
Diep January 24, 1929. 


Mr. ‘An erson received his preparatory in the Fell 
‘Prairie Seminary, 
of Illinois, Urbana, Bl. her spent three years studying Civil 
After leaving the University Mr. Anderson entered the em aploy of ithe. 
Illinois Central Railroad Company and was engaged in ‘the construction of 


* Memoir prepared by W. E. Stockwell, Esq., El Paso, Tex 


es charge of the B ved es Divisién Engineer of the 
ewes » October 1917, he served as : river and harbor 
nee, 1918, to Department, and was in charge of riv a Rai 
east Division Engineer - alot 
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and 
year v with the ‘United ‘Sta ates | River and Harbor Commission or 


River work, and from there he went to the Spokane, Portland, and: Seattle 


ae 


Railway Company as ‘Resident Engineer. in charge of heavy uction 


iyi 1909, , Mr. Anderson was appointed Locating Engineer: for the Northern 


Pacific Railway Company , working Montana and WwW ashington. ‘He then 


became Assistant Engineer | on Construction, the goungest man to occupy thi 


: He 1912, he became Locating and Reconnaissance Engineer for the Parquar 
Syndicate. in South 4 


survey parties on important dangerous work. many adventures i 
little known parts of Brazil, Belivia, and Chile. 
ang On returning to the United States in 1914, Mr. Anderson was 5 engaged. i in 
onstruction work in Paso, Tex., and Ju uarez, Mexico, until the « outbreak 

of the World War, when he entisted and served in g  Buky as Captain of | Com. 
pany Eng rineers, until he was mustered | out in Ju uly, 1919. Dur- 
ing * his service in Fr ance he was critically | ill with pneumonia, This undoubt- 


edly weakened his constitution and ‘contributed to his early death. 


ii Following the war he returned to El Paso and ‘was engaged in work for 


¥ the | City ‘Engineering Department, a notable accomplishment being the con- 
- gtruction of the Scenic Drive on Mount Franklin. In 1923, he was ‘appointed 


Engineer and served for four ‘years, during w hich time he had. 
of the design construction of a hi gh- -line reservoir of 2 300 000 gal. 


capacity, with a reinforced concrete dome 140 ft. in diameter, reported to 
the largest flat dome in the country. Important: street. improvements, river 


rotection, and s sewerage projects were also” carried out uring this term of ye 

In 1927, , Mr. Anderson returned to the contracting business and was ‘Super- 


intendent of. Construction for the Ware Company El Paso until the 


“had. a winning personality and is mourned a 
_ friends from among all those who came in contact with him. — ; 


es In 1919, he was married to Mary Emma J ackson, | of Paragould, Ark. aie 


is survived by his widow and one daughter, Mary. 
Mr. Anderson was elected a 1 Member of the American Society of | 


WALTER) EUGENE ANGIER, M. An. Soc. C. 


Walter Eugene Angier was born at ‘Fitzwilliam, N. H., on 18, 1863. 
His father, Philip Doddridge Angier, a native of Fitzwilliam, ‘represented his : 

‘district in the State Legislature for two terms. His. mother, Sarah Arabella a 


e ared by a Committee of . the Illinois Section, consisting of 
Am. _ Soe. B., Chairman, Charles L. Strobel, Arthur L. Webster, 
Members, Am. Soc. C. E 
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(Reed). Angier, sister of the poet, F was the 
“Aunt Belle” to whom ‘Mr. Field dedicated | “Love § 


family moved to West "Swanzey, N. ‘i. » When Mr. 


of Science degree from the College 
and, in 1887, he received the degree of Civil | Engineer 
r School of Civil Engineering, Dartmouth | College, Dartmouth, N. eat. 


the Providence and ompany, and ‘itis, with Mr. 


, of Philadelphia, ‘Pal fire assisted in “surveys and for 
after in April, 1887, he went to Fort Madison, 
as Rodman. “and Assistant on the Mississippi River ‘Bridge which 
af 


built. by the Atchison, Topeka Santa Fé Railroad Company, under 
late Octave e Chanute, Past- President, Am. Soc. C. as Chief Engineer. 


In this position, he inspected cement, assisted in the field work, and in the 
q 


sinking and sealing of the caissons. From October, 1887, to October, 1888, 


again | in January and February, 1889, he was ‘Sub- Inspector 0 on the harbo 


_ improvement at Galveston, ‘Tex., and Recorder ¢ hers a survey of the harbor and 
Lower at Galveston. In the interim, from: October, 1888, to January, 


s United States Assistant ‘Engineer, he was engaged in an examination 


a rie Rio Grande River, from Embudo, xX . Mex., to El Paso, Tex., in order — 


to determine its facilities for navigation. 
4 


Bridge work was Mr. Angier’s: particular desire and | he left” the Federa ‘al 
in 1889, to go to Memphis, Tenn., as Assistant E ngineer on 


“the Mississippi ‘River u under the la ite George Morison, Past- 


President, Am. Soc. s Chief Engineer, and the late” Alfred Noble, 
Past- President, Am. Soe. C. E., as Resident Engineer. . He had | special charge ,y 


of al masonry work and the erection of ‘the west approach viaduct. ° After =: 
the completion of ‘the bridge in the summer of 1892, Mr. Morison put him 4 


in charge of the construction of a N Memorial Library at Peterborough, N. H. 


or a short ‘time, also, he was engaged on sewer work at Rochester, 4 dale a 


ag In November, 1892, Mr. Angier entered | the employ of the Tllinois Central 
Railroad Company as Inspector of Bridges, on both shop and field work, and, 
Assistant Engineer of Bridges, under the late H. W. ‘Parkhurst, 


M. Am. m. Soc. C E., then Bridge Engineer of ‘that Company. He ‘remained 


there until. January, 1902, when he was appointed Resident Engineer on the 
Thebes Bridge, third Mississippi River Bridge, under Mr. Noble and 


Ralph Modjeski, M. Am. 1. Soe. » Chief E Engineers. On the completion ‘of 
the Thebes | in became associated wie Mr. ~Modjeski | as his 
, later, was his -partner under the firm name of 
During: ‘the next twenty years he was engaged in 


Peat ev mportant bridges, his specialty bein; 
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interest in work. He w: was otricken at his in Whee 
TIL, on Sunday, December 23, 1928, and died on December 29. 


; mae had a great appreciation for his ability and conscientiousness, which 
invaluable. His was characterized by great direc 


n December, , 1889, he was married to Mary Powell, of Luling, ‘Tex. , who 


He leaves also s a a daughter, M. ‘Estelle ‘Angier, and two sons, 


Philip an engineer, of Melville, La., and Robert M. Angier, of 


Angeles, Calif. He was; a ‘member f f the Western 
: 
| and the Chicago Engineers Club. 


‘Mr. Angier was | elected an Member: of the | Society. 


Engin ers on September 7, 1892, and a y 


ging 


4 en the son of the late Rella W. Bz 


descendant i in the tenth generation of John Balch, of Beadle Hid 


Balch spent his early life in Neillsville, "where he fitted himself for 
He was graduated from the University of Wisconsin with the one 


He “spent. the summers. of 1902- 04° as an Assistant with the 


Surveyor of Clark | County, Wisconsin, and began his professional work with 


the United States ‘Reclamation Service, first Engineer’ Assistant, then 
preegey and, later, as Chief of Party and Resident Engineer i in charge 


a 


From: September, 1909, to 1910 graduate work at the 
‘Uhiversity of Wisconsin. Tn April, 1910, he was appointed a an Assistant Engi-— 


-neer with ‘the &. Reclamation Service on the Shoshone P roject in ‘Wyoming. 


From November, 1911, to August, 1912, he ‘was engaged as Research Assist- 
nt in Hydraulics, at the University | Wisconsin, and spent his time 
experimental research and i in the preparation "of technical Bulletins for ‘pub te 

lication. He prepared ‘several important Bulletins, a which may be men 
sts of lash Wheels”; “F low Through ‘Submerged Orifices: 

and “Hydraulic Curve Resistances”. He rendered important service 


in editorial work in 1 the preparation and revision of various textbooks by dD. 


Ae = 

his unassuming nature and a man of v 

re Angiée suffered a partial, paralysis eden corel 
eat paraly rom cerebral lesion in. May, 1926, 
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y Dantel W. Mead, M. Am. Soe. 


Mes ad, LE. including “ ‘Water Power “Hydrology”, 


and Engineering Relations”. a 


1913 his death ‘Me. was: with me firm of Ww. Mead 


of design and 


=n of ‘many ‘important which may be the 


3 


son Gas ‘and Electric Madison; the Valley Public 


: ens Service Company, at ‘Winona, Minn.; the Peninsular Power Company, at Tron 


eae River, Mich.; the Eastern Oregon Light and Power Company, at Baker, Ore.; 
and of the design and construction of the Diesel electric plant of the Pen- 


He also” participated in investigations and preparation of reports; in the 
design bed numerous water- works, water power, sanitary works ; in divers” 


Balch \ was: man of high of highest | 


or of moral and professional standards. A ms man of pleasing personality, 


ihe ‘possessed a genial a keen sense of f humor, endearing himself 


Mr. Balch ‘in. on J une 15, 1918, to Margaret 
Elizabeth mee Reilly. _ Their children are Margaret oO Reilly, Dorothy Jane, 
James Leland, , and Ruth O'Reilly. 1, to salt 


Me He \ was a member of the American Society ‘of Mechanical Engineers, and» 
“the Engineering Society of. - Wisconsin ; an Associate Member of the Wis- 
 consin ‘Utilities Association, and a Member of the Madison Technical: Club. 


also: 8 a Thirty- second Degree Mason and a member of the Blackhawk 


Mr. Balch was elected an Associate Member of the American Society of 
Civil Engineers, on October 5, 1909, and a Member on August 12,1920. 


1998 STRONG BAXTER, M. Am. Soc. | 


George Strong Baxter was born in . N New York, N. Y. on. November 21, 


1845, ‘the son of George and Anna (Strong) Baxter. His childhood ‘and school 


; ae days were spent mainly in New York, after which he went to Williams College 


at Williamstown, Mass., from w which he was graduated in 1865. _ Three years 


> 
later, he was graduated from the Columbia University School of Engineering. 


“integrity, and of marked ability. Throughout his career he adhered to the 


| 


ce From 1868 to 1872, Mr. Baxter was employed i in land s surveying in vatioeh 


parts of the United States. In 1 New York City, he he constructed. the foundations ; 


for “the Second wad Elevated Lines. ‘He was s engaged in in ‘the 
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a 
i New York iaduct on | Park north of 


3 In 1879, he became Cashier for the Northern Pacific Railroad Company, 
in 1885, was appointed Assistant Treasurer and sent to ‘St. Paul, Minn. 
| i 1888, he rose to. the, office of Treasurer and returned to New York. ‘Later, 


‘when. the Company went into the hands of | Receivers, he remained 


until it was ‘discharged from the Receivership. ‘ah. 
In 1895, ‘Mr. Baxter founded the | ‘eross- tie business of a. Ss. 'Baxted and 
Company, of New York and J lacksonville, Fila. first, the firm veil? 


road ties in the South ‘and: “shipped them to New York, but, later / the 
any expanded and bought lands i in Georgia where it cut its own ties; one saw- 


mill was constructed in Fargo, Ga. In 1900, the Company handled more 
Southern Pine cross-ties than all other dealers combined. hares 


Owing to some trouble with the Atlantic Coast Line’ Railroad “Chay, 


. over ‘shipping ties sto tide-water, the Company built a short line east to connect 

ived ‘the idea of a rail 

‘wa line east to J acksonville, ‘jal west to Valdosta Ga. The Valdosta Ter- 


minus made a ‘connection with the ‘Middle West cities and a a short hous from 
those ¢ cities to the ‘Florida’ East ; Coast. ‘The Atlantic, Valdosta and ‘Western — 
‘Rail road ‘Company was” then ‘incorporated with Mr. Baxter as Chairman of 


the Executive. Committee. The various railroad fought. hard | to 
prevent the ‘admission of the ‘Atlantic, Valdosta and Western Lines to the 


‘Union Station i in J acksonville, but they were finally ‘defeated and ‘the railroad — 


_ was admitted to the Union terminal rights. . Later, the Atla ‘Valdosta and 
‘Western Railroad d Company ec considered building g west from. Valdosta to Bir 


4 ming ham, Ala., ‘and to prevent this, the ‘Southern. ‘Railroad. Company finally 

Mr. Baxter was “greatly interested i in ‘the creosoting of cross- -ties, ‘and at 
one time ‘consider ed establishing a plant for that purpose. He was, also inter- é 

ested in the possibility of | bringing tropical hard wood cross-ties into the 


‘United States. As the W orld War cut into the: railroad tie business, 


S. Baxter: and ‘Company established a shipyard i in ‘Jacksonville, on whiel 

Mr. samy was engaged until 1918 when the partnership was dissolved, and he 

1874, he marriec tol mmeline Carnes Weeks, of New York, the 


daughter of Emmeline Carnes ‘and Edward Augustus. ‘Weeks. . She ied 
1921. ‘They had five children, of whom three survive: Wyllys Pomeroy Bax- 
ter of New ‘York City, George Strong Baxter, of Westerly, R. and 


& BE Mr. Baxter was a member of | the University and the Mid- -Day Clubs 


his: return: from ‘St. Paul, he resided in New ‘York, a. ‘summer 
home at Bellport, = ie a8 OA man of simple tastes and strong affections, he wa 
a most devoted husband a nd father. ‘His was an unusual intellect and, to the 
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the Junior of the American Society o 3 engi- 


HERBERT BIXBY, Am Soe. 


and Elizabeth ( Clark) 


_ descended from Colonial stock, his forebears having served in the Colonial 


and Revolutionary ‘Wars. He attended the public schools of Brookline and 
Cambridge, Mass., and ‘then entered the Massachusetts Institute of Tech- 
nology. After one year at the latter institution he was. admitted 1869 


to the United States Military “Academy at West Point, from which 
he was graduated in 187 73, at the head of his class, and commissioned a 


Second Lieutenant i in the | Corps of | Engineers, U. Ss. 


Lieutenant Bixby’ first: assignment was at the Engineer School | of Appli- 
cation, ‘Willets Point (now Fort Totten), N. , from 1873 to. 1875. In 1875 


he was a assigned to “duty at at the United States Military | ‘Academy where he 


_ served as Instructor | and Assistant Professor - of Civil and Military Engineer- 


‘Tn 1879 he was sent on duty to Europe» where he remained | 


“until 1882, attending the Ecole Nationale des Ponts et Chaussées of France, 
J 13 Ty) 


from which he» was graduated with honor in 1881. i _ During his tour of duty: 

abroad, he also made numerous investigations of practice in civil 


military engineering. He the decoration of Chevalier of the 

~ Legion of Honor of France for assisting at the ‘maneuvers of the French j 


Returning to the United States, he & duty with the 

Battalion at Willets Point where he remained ‘until 1884. By this he 

had reached the grade of the Corps « of from 1884 


to 1910, he served as Captain, Major, Tieutensint- -Colonel, and Colonel, on 


river and harbor or lighthouse duty at Wilmington, N. C., ‘Newport, R L., 


and Philadelphia, Pa. ; 7 at Cincinnati, ‘Ohio, in « charge of the Ohio River Sys- 
on the Great Lakes at Detroit, and Chicago, ‘Ti; a nd at ‘St 


Louis, Mo., as President of the Mississippi River Commission. Tn 1910, che” 
as appointed Brigadier- General, _ Chief of Engineers, and served “this 


apacity until retirement from active s service in 1913. 
i On the entrance of the U nited States into the World War in 1917, Gen- 7 
; etal Bixby was recalled to active duty, and served until 1919 ‘supervising the 


sork of river and harbor improvement on on the Mississippi River and its tribu- 


tales, in order to release officers on the active list for war service. ee i 

BES The foregoing outline of General Bixby’ ’s service gives only a genera indi- . 

cation of the character and variety of his duties during his long and active 


life. In addition, he “was a member « of many - Official Boards, which greatly 


extended the ‘Scope of his activities and it is no “exagg geration to state that 


‘there are few the manifold activities of ‘the Corps of E ngineers | to which 


he did not contribute during his” active. service of more than forty years. 
Possessed of a brilliant mind, a tireless energy, and a seemingly. unlimited 


Memoir: prepared by Herbert Deakyne, Brig.-Gen., U. 8. Army, M. Am, Soc. 
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an almost: nexhaustible fund 
orks, 0 n which he drew: in the considera- 


= tion of the multifarious problems that presented themselves during his career. 
7 : a One important board « of which General Bixby we was a ‘member w was appointe 
‘foots Chief of E Engineers in January, 1894, pursuant to— instructions of the 


Secretary of War, the late Hon. Daniel 8. Lamont, to determine the maximum 


practicable span for r suspension bridges. The” other members were the late 
Gen. (then Major): Charles Raymond, ‘U. S. Army, M. Am. oc. O. 
and Col. (then First 1 Lieutenant, Corps of Engineers) Edward I Burr, U.S. 


Army, (Retired), M. Soc. C. The appointment of the Board was 
due to strenuous efforts made by interested parties to secure the passage by 
_ Congress of a bill authorizing the construction 6f a . bridge across the Hudson 


River: at New York, and specifically authorizing a pier, about: -mid- 


5. 


"channel, The proponents of the bridge’ maintained that it was a ving 


necessity and could not be built a ‘a single or without a channel pier. 


The Chief « of Engineers strongly _ opposed the deliberate ‘placing of any such 1 
obstruction as a bridge pier in mid- channel. me L amont directed the Chief 


of ‘Engineers to convene a Board of Officers * investigate and report its con 


usions as to the maximum length of span practicable for suspension bridges. Baa 


nd consistent with an amount of traffic probably sufficient to warrant ae 


2 The members of the Board, as is customary in snch cases, were given ‘this 
work in addition to their regular duties. “a General (then Captain) Bixby, a % spied 
time, was on duty in charge of the B, Engineer Office at_ Newport, 


(EL, ~The Board , after. a study of the task before. it, assigned to each mem 


ber. particular lines of investigation, in addition to a a general study of the 


asa _ whole. Among other things, the subject of wind pressures 
to Captain Bixby. ey The result of his investigations is printed as an 


“Appendix to the Board’s report and is characteristic of his efficiency, thorough- | 


ea and almost infinite capacity for ¢ detail. ie Captain Bixby’ y’s compilation and | 


discussion was unique i in its field and filled a need long felt by engineers of 


that day, particularly in bridge design. ‘The report of the Board was printed — 
“not only as an | ‘official document but also in the engineering press. Engineer-— 


ing News, in addition to printing ‘the report, stated i in an editorial* "that the 


Rly “forms one of the most valuable and instructive. engineering inv esti 


ina 


struction, ‘now “under way, of. a ‘across the ‘Hudson with ‘a span 


500° ft., which well within the maximum g given by the Board 

In 1909, General (then Colonel) was selected as Engineer 


tothe N 
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"MEMOIR op WILLIAM HERBERT BIXBY 


gress 2, 1909, Commission he accompanied to Eur 
detailed knowledge of works for the improvement of navigation 
Europe and the United | States made him of great value to the Commission. 2 
<a wreck of the battleship Maine was removed from Havana Harbor 
General Bixby was Chief of Engineers. He was deeply interested in 


this work, and gave it a great deal of personal attention, until the success of ; 


Oe General Bixby was as active - physically as mentally. ny _As a young man he 
3 was an expert skater and, when on duty in France, ‘took occasion during one 


winter $0, vias ‘Holland in the hope of acquiring some of the refinements in 
VE id 


the art. It developed, however, that his. ability as a. skater was already 
great that he became a a teach¢r rather than a student of the Hollanders. He 


found t time while abroad for mountain climbing and ascended the atter- 


horn with two guides. On another occasion he left Zermatt, Switzerland, 
about noon with one and ascended Breithorn. ‘Retu ning: to the 


this mountain, getting back to the village 4:00 


of the following , after more than hours of continuous 


General” wil always” intetisely interested in ‘new | 


a Instructor | at the United States Military Academy, during the period | from 


to 1879, he foresaw the ‘Possibilities of the typewriter, then a crude 


ag machine e compared to present- lay models, and en end ndeavored to secure its intro- 


om duction to take the place of the laborious and time- -consuming pen and ink 


method by which Army correspondence was then conducted. 
tte also” took a great interest in the improvement and ‘simplification of 
dministrative procedure and was largely responsible for a number of methods 


iow in use by the Corps of Engineers. 5 of these was the standard specifi-. 
ations for dredging, which he initiated and which are now in use throughout | 
the Engineer Department for all ‘contracts. interest extended 
almost every field of scientific ‘endeavor. The number of scientific ‘pub- 
: mae to which he subscribed was 80 great that it was his custom to rent 
a private office to which all such periodicals were sent and where his profes- 


ee ‘si ional ‘Tibrary 5 was kept i in order to avoid. overtaxing the facilities of the office 
assigned him for the transaction of p public business. 


E ek General Bixby was a man of simple tastes ; there was nothing of the fui ; 


tinet about him. He loved the discussion of matters of | professional interest, 


and his tremendous fund of knowledge on military | and civil engineering, and 
other scientific subjects, was a source of astonishment to those to whom it 


displayed. He was ‘one of most generous and kind- hearted of men, 


always thoughtful of the feelings and comfort of others, and most considerate 
in his dealings with them. ‘His character was unimpeachable, and he 
a record of service to his country unsullied by the slightest spot of sel ag 


is “BK He ‘belongs to that remarkable group of engineers, now nearly all gone, 


whose active lives spanned the period between the — of the Ci vil War and 
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th 


‘the outbreak of the ‘World War; an in. 


knowledge and engineering ‘achievement wa as so great, that some future hie 


torian of scientific "progress may well describe ‘the “Golden Age” of 
Deeply i interested in scientific progress through out his active life, ‘Gineal 
Bixby’ Ss interest ‘in’ science and engineering continued undiminished to the 


In spite. of advancing years, he “was” vigorous both in mind and body 


til stricken with his last illness when death ‘stopped forever the strivings 0 


his restless intelligence. He died in Washington, D. "Cy and after a simp 
service at his home, his in the Arlington National Cemetery. 


ae was married on December 27, 1893, to Mrs. H. M. J jones, of Philadel- 


| phia, the widow of Lieut. i. M. J ones, 4th U. S. Artillery. Mrs. ‘Bixby sur- 


* General Bixby was a renen of the French Society of Civil Engineers, 


the British Institution of Civil Engineers, the ‘American Society | of Mechanical 


Engineers, the Institute of Construction Engineers, the Academy of Political 2 
and Social Science, and other societies of Political Economy, American 


Association of Port Authorities, ‘and the International Association of Naviga- 


tion Hew was s President of the International Congress of N svigation, 


the Pin! American Scientifi ‘Congress at Washington, in 1915; ‘Pree- 
ident of the American Society for Testing Materials in 1917- 18; - and President, 


in 1918-19, of the American-Society of Terminal Engineers. 


held in 1 the Society of American Military Engineers, 


‘wUz ‘Cavalry Association, the U. 8. Naval he A and Brit- 
ish Associations for the Advancement of Science, the Mathematical Society 0 


“America, and the American Academy of Arts and Sciences 
General Bixby elected a Member of the American Society of Civil 

BUGENE DICKINSON ‘BURNELL, Am Soc. C. E.* 


1884, ‘the s son of ‘Dr. AT. ‘and Mary & rayer) Burnell. 


be. was” s graduated with ‘dhe. degree. of Civil in 1906. Fr rom uly, 
1906, to ‘December, 1908, he was ‘employed | on ‘drafting and estimating by 
Hugh L. Cooper, M. An, Soe E., Consulting Engineer, of New York 
N. _Y., and, later, as Foteman on hydro- -electric power 


including ‘the design o of hydro-electric power plants. tits ails 
a; ‘He left the employ. of Mr. | Cooper i in J anuary, 1909, to fill an ‘engagement, 


“Assistant Engineer for. the che did not remain 
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a Ay _high- explosive shells and 2 2 500 000 rounds of shrapnel, 3 at an ageregate price 


ork, however, because of h appointment to a po ition, in which 


greater expetience could be’ obtained, with the Isthmian, Canal Commission 


on | the construction of the 
(1909, remaining there until January, 1910, as Assistant Engineer 


y Panama Canal. went to Panama in February, 


ia 


Department of Masonry Design, being particularly concerned with the dition 


‘the locks, gates, and vi valves, at Culebra. 


In ‘February, 1910, “Mr. ‘Burnell accepted position J. White 


Engineering Company, of New York. first, his duties included | reporting 

on ‘proposed hydro- -electric developments, designs, and» ‘estimates. “Later, he 
was appointed Assistant Superintendent of Construction -on the 30 000 h.p. 

-hydro- electric plant of the Canadian Light and Power Company, at 


Grace, Idaho, on the construction of the P ower and ‘Tieht 


Electric Development, | one of the properties of the Electric Bond and Share 


tf fener 


a position with the Power of ‘Shelburne = 
alls, Mass. Construction Superintendent i in charge of building ten miles 


a standard- -gauge ‘railroad. He finished this work in September, 1914. In 


January, 1915, h he “appointed Superintendent of Construction f for 
Aqueduct Construction ‘Company, Wi innipeg, Man., on the construc- 


of ten ‘miles of a concrete aqueduct, which “position he retained until 
the work was completed in April, 1916. be ‘ 3 
When Mr. Burnell returned. to New York, he \ was employ ed by the Agency 


of the Canadian Car : and Foundry | Company of New York, as. “Assistant 
Works Manager, | at its large shell and | shrapnel loading plant at King gsland, 


N. It t was during engé agement on this work that he showed h 


“forcefulness: as an efficient, Production Manager, it was largely through 


his technical ability, energy, and painstaking efforts. ‘that the Company 


able to fulfill” the contract on which the production had fallen’ far b behind. 

‘The penalties that were being enforced would have meant a great financial 


to the Company. Through Mr. Burnell’s 3 efforts, however, work under 


this: ‘contract the Russian Government for loading 2 500 000 18-1 
re 


> 


‘a $83 000 000, brought up to large quantity produc tion and the Com- 


pany’s penalties: were soon ¢ cancelled by very ‘substantial bonuses, all of: which 

were in excess of the origina p 
£ 


April, 1917, soon after the United States entered the World ar, the 
Evans Engineering Corporation, of ‘New ‘York, which had ‘been formed for 


_ the purpose of loading | 18- ‘lb., , high- explosive shell for the wu nited ‘States Army, | 
4 “employ ved Mr. Burnell as Chief E ngineer in charge of desi en and | construc: 


of the $800 000 shell-loading plant whi this Company 
at Old Bridge, N. 
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MOIR OF EUGENE DICK INSON BIL 


of ais plant, w nicl was a privately owned corporation, load ng 3 ell 
} on a unit- -price basis, with contracts from the United States Ordinance Depart 


“ment, was the smallest of the shell-lo ading plants: in the United States, it 
holds the record for loading the greatest number of 18-Ik Ib. shells (75- mm. high-— 


e) in any one day, month, or for the duration of the World War, and 


s work was carried on under able direction of Mr. Burnell. 
_ One of the interests in the Evans caused 


an $18 000 0.000 - $2 05 ‘000 000 
States Gove ernment. 
(Hammonton), N. J. with duties, ‘as Wor orks 


a 
the Evans En gineering Corporation plant: at Old Bridge, Mr. ‘Burnell was. 


appointed ief E ngineer on design for’ the Amatol plant of the Atlantic 


Loading Company. hen ‘this latter Company’s ‘plant was sufficiently con- 
structed to permit operations of loading high-explosive shell, Mr. Burnell 
devoted 1 his entire time to serving as Works ‘Manager at -Amatol. Of the 
four ‘plants of this. ype which the Government constructed, this one wa 


reputed to. have been the largest. It had a capacity turning out m 


than 150 000 high- -explosive shells daily, in sizes ranging: from 18 Ib. ( 15 mm. .) 
to 80 Ib. the termination of ‘the war, the selected this 


‘constructed under ‘agency 
‘terminated its work in th 


stands out eminently as an to none for ite 


ie In 1919 Mr. Burnell joined the Overman Cushion Tire Company, of New 


York, as As sistant to. C. Overm man, President; later, he was made a Vice- 


President. As is so “marked i in his” career, he e again showed himself to. be 

“a constructive turn of ‘mind and was instrumental in systematizing the entire BS 

August, 1917, Mr. Burnell was married to Augusta A. _ Evans, 

urvives him. He is survived also by his father’ and mother and sisters, 


Elizabeth Burnell, of Los Angeles, Calif., Mrs. Bernice Maricle, of Everson, 


All those who knew Ir. Burnell soon learned. to appreciate that he was an 
and business man. of ability, one whose loyalty, and integrity ever 


s had a kind 


could be counted upon. He» wi as. quiet, “unassuming, ays 


word for every one with ‘whom he came in contact. 
e was a member of the Cor nell University Club, New . York, the. Rod and 
| 
Bob Club of Nev York, the Rock wood Hall Country Club, the Society of 
Automotive Engineers and the American Socie ty of Mechanical E ngineers 
‘he passing of Mr. Burnell leav es é a vacancy in the hearts of all his friends, 
and takes from the world 


an engineer and oper rating mana ger who, had he 


have accomplished still | greater things in useful construction. 
Burnell was elected an Associate Member. of the American Society of 
Civil Engineers on 4, 1918, and September 9, 
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DAVID 


NovemBer 5, 1928. 
- David Sylvanus Carll was born in Huntington, N. Y., ate 21, 1855, 


the son of David and Mariette (Parsons) Carll. He was Mist nei from the | 


Carll’s professional work | began immediately after graduation, his 


- early experience consisting of surveying in the vicinity of his home. rom 
1877 to 1881, he was Surveyor to various commissioners of highways. Subse- 


quently, he was Transitman and Assistant Engineer for the Long Island Rail- 
road Company, Assistant Engineer { for the New York, West Shore, and Buffalo 


PRES ‘Railway Company, and he was also engaged in practice as a Civil Engineer 
From 1884 to 1888, Mr. Carll: was with the , Department of Public ‘Works 

oe New York City, in connection with the construction of ‘the new aqueduct 


and In March, 1887, he went to Kansas ‘City, | Mo., _ where he was 


engaged « on the construction of the cable railway lines, his first employment 
being with ‘the Grand Avenue Railway Company, a and, later, as Assistant Engi- 


neer with Knight and Bontecou, Consulting Engineers. From October, 1889, 


i. 1890, he ‘was s Superintendent of Grading and Construction in the City 


In November, 1890, Mr. Carll began his career as Engineer Executive for 


die ‘Washington and Railroad Company, now The Capital Trac- 
Ps tion Company, of Washington, D. C. | His first work in ‘Wa shington was in 


charge of installing the cable system on the lines of that Company. ‘ On the 


ua completion of the work in 1892, he was niade Chief Engineer and continued 


in that position, in charge of « engineering work, u until 1908. | Subsequent to 


"1895, he became the Superintendent of the Company, retaining his position as 


Chief Engineer, and was responsible ‘for all the Company's C 8 Operating as well 
as its Engineering ‘Departments. During: of the cable road 


his | duties i included not only the construction of the cable ; lines themselves, but | 


of a eable Power | station and office buildings on Penns sylvania Avenue, on the 


site of the present District Building. - the 


_ He was also engaged on the construc- 

of several car barns and other structures. 


hoe After” the destruction of the Cable Power Station by fire in September, 
1897, ‘the lines of f the ‘Company were electrically equipped ; this 3 was the first 
a Seintaaide’ of the conversion of cable lines to the underground conduit system. ; 


Mr. Carll was in charge of all this work as Chief Engineer, including, i in addi- 


tion to the reconstruction of track, ‘the building and ‘equipment ofa direct- 
—— power station, the. rebuilding of numerous car barns, and the design 


NAS: and purchase of rolling equipment. _ This work was done principally during 
and 1898, and at this _time Mr. Ca ’s responsibilities also <nehaded 


all the Company’ s street ‘railway lines, which for a included 


by cars, cable, over- and underground conduit. in 
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remained and Vice- Prstident: until his death, 
active duties with the Company i in 


at During Mr. Carll’s long residence i in he showed great 
in the development of the Capital City” by active association. with many civic 3 

organizations. He had been a prominent. member of the Board of for 
"many years and wa as Vice- Chairman of its Committee on Law and Order, | 


was a Charter Member, and served on the first Board of Directors « of the Wash 


ington Society of Engineers; he also. served as Vice- -President in 1908 and | 
President in 1909. He been. prominently active in the District of 


Section ‘of the American Society _ of Civil ‘Engineers since: its 


“organization ; ‘served as Chairman in 1920. He was member the 


Cosmos Club, of Washington, and many other civie and welfare organizations 


att Mt. Pleasant Airadnaginad Church of Washington was, next to Mr. | 
A member of the church 
‘and. Chairman ‘of 


its Building Committee during the erection of its present structure. re RI 


‘those fortunate enough to be associated with David S. Carll 


and to have his friendship, his Outstanding chatacteristic was his humanity and 

for his fellow man. An able engineer, a forceful, energetic executive, 


~ always édrryihg heavy resp onsibilities, he never failed to find time for. a word | 


encouragement or more substantial help for any who came to him. The 

love of the thousands of men and women wh o had the privilege of working 


under his direction is the ‘outstanding his successful career—his 


bequest to them, the memory of a Christian gentleman. 


Mr. Carll was elected « a Junior of the . American Society of Civil Engineers e 


18885 an Associate on July 1, 1891; and a 


iti 


WILLIAM GODLEY COUGHLIN, M. Am. Soe. C. 
William Godley the son of Samuel Britton and Anna 


States in 1833. "The received his edupstign 


in ‘the publie and private schools of Florence per later, attended the Farm m 
School, at Beverly, N. entering Lehigh 


tants was made a Director of The Capital Tract ce 
1855, 
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During this his ‘father ‘decided. to join the 


1878, with the purpose of engaging in railroad construction Bra il. 


‘Prospect of such an adventurous trip to South America appealed atrongly to to 
the lad’s imagination, he went with the ‘Bepeition's and obtained the p position 


adeirs und the Falls of the } 
Upper. Madea in in Brazil. ‘The ‘Expedition seems to been ill- fated, for 
4 


3 - those of the party sailing on t the M ‘etropolis, were lost at sea, 


| Mr. Coughlin having escaped that fate by his : persistent: petitions to be allowed 


a On his return to the United States, after a year and a half of service in 
South America, Mr. Coughlin became engaged = preliminary surveys for an 


testes 
way from Pittston to Hawle y, Pa. He then entered the service of the % 
Railroad ‘Company, which was the beginning of a 


- in the Engineering, Maintenance of “Way and ‘Structures, and Transportation — 


that System. He was ‘employed, ‘successively, as 

Levelmen, and Transitman on the following work: Preli iminary surveys an 

for a branch line Baltimore, to Catonsville, survey for 


proposed pleasure railway through Fairmount Park; -re-location and 
ik a revision of the Western Pennsylvania Railroad ; preliminary surveys and | loca- - 


tion of the Cornwall and Lebanon Railroad ; revision of alignment on the main 


line of the Pennsylvania Railroad; location and construction 1 of 1 the ‘Phila- 
delphia and Long Branch Railway from Whitings to Bay Head, N. fourth 


track work on ‘the Western Division of Pennsylvania. Railroad; and 
location and construction of a connecting line between ‘Dauphin and Rock- 
farch, 1883, Mr. Coughlin entered the M Maintenance of Way Depart- 


the Railway (Pennsylvania Railroad) as Assistant 
 lpebrlice 4 in the office of the Engineer of the Balti - 
1886, he was appointed Supervisor « of the West Br ersey 7 and is 
Pennsylvania Railroad) in charge of ‘maintenance-of- 


he held until March, 1898. 


= 


ag The following include some of the positions which Mr. Coughlin h held 
during the period extending from March, 1893, to . April 1, 1907: : Assistant 4 
5 Engineer on the Baltimore Division of the Northern Central Railway, in full 
Saree of engineering work; Principal Assistant Engineer on maintenance- -of- q 
ca way work on the Erie Division of the Pennsylvania Railroad, ‘including that 
a territory extending from Erie, Pa. a to Baltimore, Md., and numerous lateral ; 
branches; and Superintendent i in charge of operations of the Elmira th 4 
of the Northern Central Railway, with headquarters at Elmira, N. re 
Ih ‘April, 1907, Mr. Coughlin was appointed Superintendent of the ‘Erie 
Division and, | in March, 1909, of the Renovo Division, of the Pennsylvania — 


_ Railroad Company, i in which positions he had charge of operations, including 


| 


f 
“maintenance of way, buildings, construction of 


; | 
— 
— | 
i 
2 
; 
7 
al 
& he 
— ix 
Wi 
In 
= ae held the positions of Engineer and Chief Engineer of Maintenance of Way > ; 


. for the Pennsylvania Railroad ( Company, having his office: at Philadelphia, 
ust prior to his he as occupying the position of Special Agent 


faithful and. loyal performance of duty appeared every- 


where in his work, Gifted with an especially analytical mind, he 


stantly active in inventions for ‘the improvement of railroad structur 


appliances, with a view to. economy and improved elements in the manage-— 
4 ment of his range He was: granted several patents by the United 


the achievement active imagination coupled with a “skillfully 


"managed pencil. His work along this line made evident his earnest efforts oa 


improve the track | structure under his official Jurisdiction and his | vigorous 


Mr. Coughlin was of a ‘modest and retiring disposition, possessing withal 
very pleasing personality. - Many anecdotes | are ‘told by his associates: to illus- 
ate his ready wit and humorous outlook. His was a bela cheng ane 


“He was ‘a member the Engineers | Club of Philadelphia and of th 
and Mamore Association, and communicant of the Epis- 


| 
“As Mr. Coughlin was not married, he lived during the last fourt en years 


his life, with his family, at the “old home” in Burlington, N. 
Mr. Coughlin: was elected a Member of ‘the: of 


Engineers: on March 4, 1913. hy a, 
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Elmore David Cummings was: born on N ovember 14, 1861, in 

lis parents, Joseph and Margaret Shields ‘Cummings, farmers, and 
4 the early life of their only son was spent entirely on the 
4 - aptitude for study ‘and ambitions along other than farming pursuits brought 

_ about on the part of the youth an early determination for a college education 
along engineering lines. Aided and assisted in his studies by parents, 
Cummings accomplished practically his entire preparation for college at 
home, save for a part of a year, at ‘the 0890, ‘hich 


Cummings. entered Cornell University a at ‘Ithaca, N. in 1885 an 


graduating thesis. ‘He immediately entered the employ of G. w. rc F erris 


and Company, ¢ of Pittsburgh, Pa., as Inspector of Materials at —— 
construction of railway bridges, and structural work. The early and thorot 


4 n insig ght thus gained in structural steel. she work, te with the fac ct t 
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he kept abreast of _improvemen - and meth fabric 


tion, was of inestimable worth, in his life work, which was, for the most part, 

that of a designer i steel. he designed visualized with rare insight 


various ‘shop processes to produce ‘tangible form the creatio 
; of h his mind, and the 2 value of b his work was greatly enhanced thereby. Tae Senn 


rom 1891. to 1893, Mr. Cummings was Draftsman and Assistant Designer 


for the Columbus, Ohio, Bridge Company, and for the late E. L. . Corthell, Past- 


President, Am. Soe. © . E. » Consulting Engineer, on large railway bridges. 
Following “engagements he an Instructor in Civil Engineering at 
ae Washington University, St. Louis, Mo.; an n Assistant Engineer to the late J. B. | 


-Tohnson, M. Am. Soc. Ore in the laboratory work ‘of t the United ‘States 

Timber Physics Investigations at ‘this same Ins itution, and after the comple- 
AS. 


oe tion of these investigations, he w was” again engaged i in instructional work, this 


me as Assistant Professor of Civil Engineering at the University of Maine, 

Orono, Me. His natural predilection ‘for designing, however, led to his 1 return 


to ‘that ‘field « of er ndeavor, and from 1896 ‘to 1899 he w: was : Office Engineer and 


‘Assistant Designer for the Pittsburgh Bridge Company charge of con- 


tractual relations and design per aining largely ‘to intricate root construction 


In 1899, the United ‘States Office at St. Paul, 


Mr. Cummings as Designer and Principal Draftsman under the general ‘super- 
- vision of the Engineer Officer for special work of design i in connection 1 with 
the of the reservoir at the head- waters of the 


ness and the ‘exercise of a n design. 


he proposed would -funetion _ properly when they we 


an 


Company, ¥ 


direction of the Chief of Di@) 


Mr, Cummings’ work i in the office of t the Chief « of Engineers was particu- 
arly concerned with the design, construction, installation, and testing of 


ammunition hoists and ‘disappearing sea rehlight towers: for sea-coast fortifica- q 
tions. His work demanded special qualifications and an exercise of orig-— 
7 inality. far beyond ‘the capabilities of most designers. His accomplishments 


in this difficult work were of outstanding 1 merit. He not ‘only made many 
original studies of highly technical character, but also developed a con-— 


siderable of machines and mechanical structures, and incidentally 
x made numerous inventions « on which the Government to 
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eworthy ‘that without of genius 

have 4 be eminently successful for the purpose purpose for which they were 

‘designed. — Save | for one instance, descriptions of these devices, although | well — 


meriting publication i in the technical press, have never appeared, due to their pe 
confidential character. By special permission of the Chief of Engineers, 


descriptive paper on ‘disappearing towers prepared by Mr. Cum- 


mings was published in cs: 1924, by one of the leading engineering 


‘During the World War, Mr; Cummings handled 


> \ 


pertaining to fabricated materials valued at many millions of dollars. re This 
Le material was sent to France and « consisted for the most part of framed s st ruc- | 


tural steel for large ‘warehouses designed for ready erection in the field. a * 


an ‘Cummings’ active life was devoted to engineering, largely i in the field : 

- characterized by thoroughiness, simplicity, and adaptability to the purpose for 


at tat 


_ which it was intended. His creations were the result of the most careful and ~ 
painstaking effort, and wer. were notable for pronounce simplicity and prac- 


Mr. Cummings, by Chun. a deeply religions man was life long member 


August 1, 1895, to. Jessie 


a ‘son, Carl Elmore Cummins, sur 


with 


He was a member of the Washington 1 Society of Engineers, the Society of 


American. Military and the Corn ell Clubs « of New York, 


‘Hin ‘Helland, ans and born at Bergen, 


Norway, August: 10, 1854. He received his early education at the Primary 
and High Schools of Bergen and Christiania. He then attended the Technical 
Tastitute at ‘Trondhjem, and, still later (1879), was mire ae from the Royal 
| 


‘Saxon Polytechnicum, of "Dresden, Saxony, Germany, with the degree of ; 

Prior ‘his graduation i 1879, however, Mr. Helland had served h 

apprenticeship i in n the Laxevoag Machinery Factory, and had been an Assistant 
Engineer of the Royal Norwegian ‘Ra ilways. The year r following gradua-— 
tion he became Statistician for the Royal Railways” and the Department 


of engineering design in which he particularly excelled. All his work was 
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ee became Vice-President and General 


and with that. Company until when he 
1 Manager of the Central ‘Texas and North-— 
western, and the Fort. Worth and New Orleans Railroad Companies. _ ‘When 


a _ these two lines were consolidated with the Houston and Texas Central Rail- 


a part ‘of the Pacific He remained i in this capacity 


until 1906, when he resigned to locate and construct t the ‘Panhandle Short 


“sas 


Line. In 1908, he became Ra ln of- Way Engineer for the San Antonio 
and Aransas Pass Railroad ‘Company, with which he remained until 1913. 


iy y 
rom 1913 to 1921, during its first struggle toward greater ir improvements, 


the City of San Antonio, Tex., “employed him as its City Engineer. It is 
noteworthy. that, after approximately thirty- two years of active building and 
improvement of railways. in Texas, Mr. Helland should then take up the 


ork of enlarging a pioneer ‘city. one of ‘metropolitan proportions. 
After (1921 he was engaged i in the ‘Private practice | of in San 


_ Antonio, until his” death, when his son Hans Helland, ITI, assumed ‘the 


icipal | 


Polyteknisk Forening of Norway, and of the Ingenieur Verein Dresden, 


Hellaz elected a “Member of the American: Society of Civil 


ments ‘and the San Antonio ‘Scientific. Society; he was 3 also a ‘member of the 


th 


‘Harold ‘Vincent, ‘Joslin, the of ‘William and Elizabeth Florine 


(Freeman) J oslin, was on J une 22, 1883, at Belleville, N. He was 
educated at, Clinton Liberal Institute, Fort Plain, N. and Brown 


University, ‘Providence, ‘R. having been graduated with the degree ‘of 


After graduation, Mr. Joslin’s first work was with the White Mountain 


Lumber Company, of Conway, | N. H. , where he was engaged in Jand surveys 


andi in the location of narrow-gauge railways. be From there, he went to Newark, i 
NS, where he served for a short time as Draftsman with the New York and 


New ‘J ersey Telephone Company. He then became associated with Betts 


cademy, at Stamford, , Conn., as Instructor in Mathematics, 


in entered the. service of the Norfolk- Southern 


e he won rapid promotion. _ He served, successi vely, in 


a 


teed 


bead 
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ant t Engineer of Maintenance of Way, and F First, Assistant to the Chief 
neer, until March, 1910. He then accepted position with City 


| “Norfolk, and was in charge of surveys for water ‘supply until June, 1911. 
ok From June, 1911, until March, 1912, Mr. Joslin: served as Construction 


_ Engineer for the Yadkin River Power Company, a subsidiary of the Carolina 

3 Bherie Light Company, of Raleigh, N. 6, , on the construction of ‘a hydro- 
electric plant at Pee Dee, N. this the design and layout of | 
plant. He was then engaged by the Norfolk- Southern Railway Company 


for a few months as Locating Engineer on its Raleigh- ‘Charlotte Branch. At 
‘this time he re-entered the service of the Yadkin River Power Company and zt 


Carolina Power and Light Company, as Assistant to the bir 
ager and Cost. Engineer and § served i in this | capacity | until April, 1913, 


2 
to Grace, Idaho, as Assistant t to the Construction, an 
~ Cost Engineer of the Phenix Construction Company. In this capacity h 


was engaged on hydro- electric surveys, ays, design and installatior of plant 


ubsidiary structures, and general construction. ee 


In August, 1914, he ‘returned | to the Carolina Power and Light C 
and Allied Companies, at Raleigh, where he had charge of the design 


construction of substations, transmission lines, and miscellaneous work 


similar nature, until May, 1918, when he was appointed General Field Cost 


Engineer for the United. States Housing Corporation, at, Washington, D. 
a He served one year in this. capacity and igeiae year as Manager of the Wilson 


Mr Joslin then returned to Raleigh ‘ail became associated with: the North cy 
State ‘Highway Commission as Assistant: to the Chairman. He 


Pi - served this Commission u until October, 1928, when he resigned to return to the ae 
Thr 


: Carolina Power and Light Company, for which he handled the design of © 
4 transmission lines, bridges, buildings, and other structures, and also super-_ 
vised their location and ‘construction, as. well as the surveys: and investigations 


for water- -power development. He held this position at the time of his death, 


3 Mr Je oslin was a faithful communicant of the Protestant Episcopal Chureh, 


Sy member of Phi Beta Kappa Society, Delta Kappa Epsilon | Fraternity, and 


the William G. Hill Masonic No. 218, of Raleigh. 


very active part and a interest in pertaining to local 


es ‘He ably served on many engineering committees appointed to co- -operate 


with various civie bodies in the — of eee problems. I 


engineering societies, whenever ‘possible attended all their meetings. 


Mr. J ‘well known ‘professionally cand: socially throughout his 


adopted and his” memory will Ii live in 1 
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4 
they, too, answ the enduring he left behind 


will direct future generations to the accomplishments of n 
iJ 4 


He. was an outstanding figure i in his community, 
courtly n “manners, we, end ‘splendid. character endeared him to all who were 


4 privileged to him. His “untimely passing has spread universal sorrow 
_ among his friends and i is a distinct loss to his employers and to his profession. 


Me. ‘Joslin was married 1 on December 1, 1908, to Annie Devereux Hinsdale, 
‘ of Raleigh, w ho, with four children, Ellen Devereux, Devereux, William, and 
pe Mr. Joslin was elected a Junior ¢ of the. American Society of Civil Engineers 
4 on . April 6,1! 1909 ; an Associate Member on February 6, 1912; -and a Member on 


OSCAR PRANGSS LACKEY, M. Am, Soc. C. 


ry 


reasury, Departs ia ‘The family 


, when Oscar was. thirteen old. _He v was” educated 


of pa to Cuba on do Mook. work | 


; later, “went to Panama on an engineering engagement connected | 1 with the 
Lackey returned to ‘the United. States in 1905. and was appointed 

Principal Assistant to the late N. H. Hutton, M. Am. Soc. 0. E., who 

then Chief ‘Engineer and President of the ‘Harbor Board « of Baltimore. 


Major ‘Hutton died, a few years later, Mr. Lackey succeeded him 


i ‘this important post and had ‘charge of important dock and ‘pier con- 

af struction. He was one of ‘the first, if “not the first, engineer to utilize 

Sara. reinforced -conerete- piles in pier construction. He held this position until 

“9 1915, and his extensive harbor development plans and recommendations for 


a $50 000 000 loan for this ‘purpose were looked | ‘upon as fanciful at 1 the 
time. Later developments, since the end of the World War, have thoroughly 
justified Mr. Lackey’s vision, _ and a loan of this amount has been passed 
by the Maryland Legislature and voted by the people. 


at In 1912, Mr. ‘Lackey v was selected as one of the five Directors of the 
- Association of Seaport Authorities and, in 1914, he was elected PRD nt 


tae 1915, he became Assistant to the President of the Poole - Engineering 
_ Company, of Baltimore, and in this position negotiated the ‘purchase « of a 


‘prepares by ‘Bara B, Whitman, M, Am, Ree, 
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Sheer 
manufacturing plant in ‘Lafayette, , engaged in the “manufacture 


for the British Government; he operated the plant for two years. 


he was appointed Engineer in ‘the War 


posi- under the late Maj.Gen. George Goethals, U. S. A, M. Am. Soc. ©. E.. 
ere for the construction of the Atlantic Port terminals in Boston, “Mace, Phila a 
rrow 


-delphia, Brooklyn, N Norfolk, 'Va.; New Orledha; La. and’ Charles- 


Mr. Lackey returned to Cuba | on consulting engineering work in 1921 


jn 1922, he went to Colorado Springs, Colo., as s Vice-President and 
a Manager of the Colorado Springs Light, Heat, and Power Company. — 


On the change of ¢ ownership of ‘this ‘Company, he returned to the Kast and 


was engaged as. Consulting Engineer on several dock and ] pier projects. . In M. 


“1924, » in addition | to his consulting work, he wa s appointed head o of the : 

Transportation Bureau of the City of Baltimore, which position he held 
until 1927. Shortly | before his” death, he was engaged by the State Roads 
oe Commission of Maryland to pass upon the plans of the proposed $10 000 000 ie 
While in Panama, Mr. Lackey was injured on the work, and although 
this” injury troubled him until the time of his death, his indomitable 
= spirit kept him going when men of lesser courage would have given up 
many § He was of the stuff that never yields to misfortune, but turns defeat int 
moved victory. r He was” ‘intensely loyal to his friends and was ready at all times 
bentied to fight for what he believed to be right. His uncompromising spirit, his 
undeviating loyalty to high personal principles ‘and professional stand-! 
ards marked him a man in whom others could put their trust. Toh is 
den professional work, he gave not only his head, but his heart, and whatever 
: ape, he did was done with all his might. < He was never lukewarm ‘nor a a slacke 
akon in anything, and he never — to ‘make good where it w was humanly ¥ pos- 
ointed } Mr. Lackey died Baltimore on 1928, of Pneumonia, 
was: after a an illness of less than a week. His death was a great shock to 
amore. “many friends and came only a few weeks after his appointment 
d him ernor Ritchie | ‘to the important position as Chairman of the “State Roads 
Mr. Lackey was ‘elected Member 
val Engineers 0 on 6, , 1909 
a ane PRA RANK K MeDOWELL 

resident Frank McDowell ‘Leavitt was born at Athens, 
the second son of the Rev. McDowell Leavitt, and Bithia (Brooks) 
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in turn, ( the Cincir istrict and J udge of the 

maternal al grandfather, Moses I 

oung man, moved New York to Cincinnati, 


‘ Ohio, where he became a substantial merchant and then a prominent — 


—_— 


_& 


1868, , Mr. Leavitt’s father moved to New York, N. Y., and 
“became President of St. J ohn’s College, at Annapolis, Md., a and of Lehigh 


t 


arrival in Nev ew ‘York, young Frank was entered in the famous 


— 


- Hunter Public School on 13th ‘Street, but, in 1869, the lad was forced ‘to 
leave because the family moved to Orange, N.J After two of school 


and decided qualities of self- 


ical Engineer and the ‘degree of Engineering, on 


Fiftieth Anniversary of the Institute, in ‘Tune, 1921. to. 


a Immediately after graduation, Mr. Leavitt entered the employ of the late — 
Fred E. Sickels, | M. Am. oc. Cc. prominent engineer of that day. 


FPP; 


of 1 his first assignments was the development of a steam steering gear for — 


the U. S. Trenton, which vessel was lost in the great Samoan hurricane 


Ih August, 1876 6, he became Head Draftsman. for ‘Bliss and Williams, of 

‘Brooklyn, N. Y., and was employed there ‘until early in 1881. He: then decided 
try other branches" of engineering» for nearly a year was Master 
Mechanic of ‘Texas Division of the Mexican National Railroad, with 


headquarters” at Corpus | Christi, ‘Tex. Late in 1881, he returned to New 


and became. Ling of the Graydon and Denton Manufacturing © 


= 


important improvements in the tools he was manvfacturing: 


in 1883, however, Mr. Leavitt withdrew from the bagi machinery field 


= 


in a varied line of sheet metal 

records © f the Patent Office commenc to ‘show: name as an 

re inventor within a year or two of his graduation from Stevens, Institute, and 
i 

from m that time ‘until 1921 or 1922, a constant stream of patents aggregating + 


Mees approximately three hundred, testify to his mechanical skill and inventive 


genius. The outstanding accomplishment of the early years of this productive ‘ 
fir 2 can body- 

machine. Until that time, ‘such tin cans as were used in the United 


States were made practically by hand ‘and to Mr. Leavitt belongs the honor and 
a, "distinction of having been the first man to conceive and develop | a machine 


. can bodies in a 2 fully automatic ‘machine nel that. time the rate of speed at 
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te 
BLL LEAVITT 
which this: machine made chasse bodies was considered ‘tremendous and ‘80 


ar beyond ‘the normal requirements of can users that much difficulty 


‘encountered i in ‘selling it. - Meeting little or no encouragement in this country 3 
he machine was sent to the Paris Exposi ition about 1880 in the hope that 
some of the large canners of ' England or Continental Europe would appreciate 


+ its economic value. Unfortunately, however, only failure met this effort and 
the: machine had to be brought back to Brooklyn and for a time was regarded 


‘practically as. a’ “white elephant”. Finally, however, one of the large can 


makers | and packers in the Chicago District became interested and purchased 
4 it. Its use gave a tremendous impetus to. canning in America and bode ae 


may be regarded as the first stage in the modernization of 1 
other of Mr. ‘Leavitt's which soon, came into wide: 


expanding use was the toggle drawing press for use in the manufacture of 


j 
+ all sorts of hollow ‘drawn ware, kitchen utensils, ‘ete. His early inventions 


in drawing and stamping machines were the initial steps in the ‘development 
3 of ft the huge power presses used to- day, particularly in this country, in the 


ay ‘automobile industry for the quantity production of automobile bodies, frames, 


‘ 
ee In addition to these two specific machines, on which improvements natu 
rally were made later, Mr. Leavitt patented many original ‘types of “other 
machines, such as, drop. hapeanere, pun hing presses, clutches, air compressors, 


In the late Eighties, the Navy ‘Department was making to 


into the United States the manufacture of : up-to o-date ordinance. These efforts pe 
resulted i in the purchase of “many European patent rights by American firms 


and ‘the introduction of the manufacture of the latest types of. armor-plates, i 


rmor-piercing "projectiles, ‘built- -up guns, automobile torpedoes into 
American: industry. The Bethlehem Steel ‘Company, the Carpenter ‘Steel 


Company, and the E. W. Bliss Company were ‘the important 


After an extensive tour “abroad, during “which visited ‘the British, 


q Austrian, German torpedo and projectile manufacturing plants, Mr. 
Leavitt, representing the E. W. Bliss” Company, purchased the 


to the. Whitehead torpedo and, i in 1890, introduced. its ‘manufacture 


yt ‘into. ‘America. 1 To the surprise of the vendors, he purchased no patent rights — 


+ or machines involved in the complicated “manufacture of the torpedo, but 
» 


his return, set. to work to develop his own man ufacturing 


ating = 1 _ equipment. In this, he was 80 successful that the original manufacturers were 

soon outstripped in economical and accurate production. a ‘During this same 
he designed and installed the ‘plant: of the United States Projectile, 


ia * fers 


which ‘small niedture ealiber “common” ‘Projectiles ‘were 


Subsequent to “1990 Mr. Leavitt's s activities were gradually shifted from 
metal- working machines to automobile torpedoes and from 1900 until just 
prior. to the World War, the Patent Office records show a steady stream of 


developments in "torpedoes his name. When he first ‘undertook the 
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Director. This new torpedo became known as the Bliss- Leavitt torpedo and 


Be Sate On the i issue of the patents for this new torpedo and ‘their purchase — 
by the E. W Bliss Company he returned to that Company as an Officer and 


re connection with the E. W. Bliss Company, except as Director, he could devote — 


"diameter, with a range of about 800, yd., 
control, an explosive « charge « of about at 50. Tb. 
gun cotton. Mr. Leavitt gradually improved the torpedo the introduc- 


tion ¢ of "steel: for the air flask, the Curtis turbine for ‘propulsion, the 


bustion of fuel i in ‘the air supply, the generation of steam in connection with Fi 

that combustion, an entirely new and d dependable gyroscopic steering _ appa- 

ratus, and many other innovati tions. development of. the gyroscope, alone, 

was: an important contribution. to mechanical engineering, and found 


In to | secure the time to assemble and properly develop his 


for this new torpedo, he left ‘the E W. Bliss Company shortly y after 1900, 


an for a year or more enteblichid.: his own office | and drafting- -room in N 


from ‘about 1910 until the present time it has been, and | still is, the ‘standar 
“equipment of the United States Navy. At the beginning of ‘the World War 


this: torpedo was about 21 ft. long | and 21 in. in n diameter, -eapable of reliable. 
and accurate control over a range of about 13 500 yd. It propelled by a 


_super- -heat steam and combustion gas turbine, operating a temperature of 


t 
about 1000 to 1 100° Fahr. , the most efficient torpedo in any navy, ‘and 


“Rode 


carrying an explosive el charge 0 of more than 200 Ib. of tri -nitro- -toluol. 

: _ At the outbreak of ‘the World War Mr. Leavitt offered his services to ‘the 

Navy, Department and shortly thereafter was placed in . charge of a small 


committee known as the ‘ ‘Committee on ‘Experimental Power”, to which the 


Bureau of Steam Engineering assigned the task of developing steam plant 

3 for the propulsion of aircraft. For this work, Mr. Leavitt was commissioned 


a on a dollar- -a-year | basis. Havi ing by ‘this t time 


ie his entire time to this work, - which he proceeded to do with his usual vigor. — 


_ At the end of. the war the Navy Department decided to continue the, work 
‘this. Committee, as, it was believed that: although the boiler plant, 


T?, 
had been developed migh ‘not actually become a competitor ‘of the 
engine, for aircraft use, such. promising and interesting features had been 
_ produced or, were under investigation, which pc possibly might have | a much 


wider application, in naval engineering, particularly i in submarine propulsion, 


to warrant the continuation | of the experimentation. The Committee, there- 


fore, was reduced in size and. was to complete its investigation 


test: records an aircraft boiler which, with all appurtenances, control 
apparatus, | and the necessary water, delivered about 1000 h. p., with a total 


eight of. about 2 00 Tb. This was practically the: last 


He was known in the ne Engineering Profession, and particularly ‘among ; 


his friends and in that pa a and 


= 
manufacture of the Whitehead ton 
— 
ar 
— 
ar 
ka 
— ci 
— 
1 
Ww 
| 
re 
1 
q 
Y 
im 
E 
E 
— th 
E 
| 
w 
— ts 
4 
— 
— 3 
in 
— G 
ti 
ti 


‘designing mechan accomplisk with 
purpose or necessity. His: remarkable ability to visualize a and 


knowledge of ‘mechanical motion and force, enabled him to picture the most_ 
“difficult mechanism ‘the simplest of forms, to. design its “parts: ‘in detail, 


and to direct its construction in the shop, ofttimes without | even 


Mr. Leavitt was a gentle, modest, and friendly ma man, 


personal requirements, and these qualities endeared him to. those who 


cintes. His principal diversions. were e painting in aid ‘reading. was 


an omnivorous ‘and broad reader, the happy faculty of retaining 


ingness to help | others, with that help which relieves the necessity, and the ty 


= his outstanding a ‘and. will- 4 


¥ 


Marine E Engineers, the American Society. of Mechanical Engineers, andthe’: 
mgineers’ Club of New York, the University Club of Washington, D 0; gy : 


he 


Riding» and Driving - Club, the Montauk Club, of Brooklyn,» 


“Searadale Golf Club, of Scarsdale, N.Y, and the Seakaty Head Golf Club, 


was 3 in the public of that « later, attended Phil 5 


Mr. Noska work. with the Conan, with 


the 
position until 1899, with of he spent: in 
during the ‘Spanish- -American War. He was Corporal of Company M, ist 
|New York Volunteer Infantry, ‘and saw service in Cuba, at S San J uan Hill, a , an nd bie 
other engagements. Subsequently, he : served in the New York N ational 


Guard and was commissioned First Lieutena: Depot Infantry, Na- 
_ tional Guard of New: “York, on August 2, 1916 aria.) 
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Noska became with Kimball, Architect, 
as Superintendent: of general co struction, with whom he remained ti 
: 1908, ¥ when he was: employed in the offices of D. Everett. Waid, Architect. In a 
ion his s time was largely taken up in on which 1 ‘the 
th ‘May, 1917, v when the United States ste the World War, Mr. Noska | 
again joined the Army. He was enrolled at Madison Barracks, Sacketts 
 _-Harbor, N. Y., as Student i in the Cadet Engineer Corps and was assigned to 4 
te the 78th Division. He was discharged from service on July 2, 1919, a 
Dix, New . Jersey, as Captain of the 803d Engineers, ‘78th | Division. . He cnet 
“overseas from May, 1918, to J une, 1919, and saw active service at Chateau- 4 
‘Thierry, “Meuse- -Argonne, and St. -Mihiel, and was awarded two gold chevrons. 
After his discharge was commissioned Major in the ‘Ast Battalion, 
Engineers, ‘78th Division, Officers Reserve Corps. was ‘intensely patriotic 
He ‘as his record shows and was 44 years old at the time of his enlistment in the ~ 
World War. ‘He refused to consider any but a active service at the front and 
_ undoubtedly sowed the seed there which developed into the heart attack iil 
Following his discharge 1919, Mr. Noska ai the frm 
of Chris. J. Jeppessen, Incorporated, until 1928, when he entered into partner- 


—- with Mr. Charles L. Lange, under the firm name of | Lange and Noska. H He Eo 
q 


was conducting this business at the time of his death on November 12, 1928. i 


During these latter a associations involving work around New York City, he was” 


engaged on the designs « of the Canadian-Pacific Building, Saks Department 
is Store (Fifth Avenue), the building at Broadway and 40th Street, the Williams- ‘ 
burgh Savings Bank, the Riverside Church, and innumerable other structures. 


Noska 1 was s married, 0 on October 9, 1905, to Margaret Peasley. He is 
two daughters, Evelen | (Noska ) Ruth 


Noska w was elected a — of the American Civil Engi 


é 


sus 


Edward J Jones Pear: 


sons” and three daughter of Leonard and Lucy Ss. ames) 


born at Rockville, Ind., on October 4, 1863. father followed. railroading 
as his profession and held prominent positions as a railroad pines during his 
ifetime, _ The family was of English origin, J ohn Pearson the earliest paternal — : 


_ American ancestor having come from England about 1630 to 1635, and having 


After elementary preparation in the public schools 


Pearson entered Cornell University at N. from 1 which was gradu- 


* Memoir by 
aven, Conn. 
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e summer vacation. of 1881, as. 
in the of the Missouri Pacific Railway Com- 
pany, on the extension from Atchison, Kens., to Omaha, Nebr., » and also on 
construction work in Indian Territory and in Texas. ju In the summer of 1882 
_ he was engaged as Assistant Engineer in ‘terminal construction work — at 


Portland, Ore., and after graduating in 1883 was employed by the ‘Northern 


Railway Company as. Supervisor of ‘Track, until 1884, when was” 
in charge of construction train service. From 1890 to 1892 he 


Division Engineer o on east of Livingston, Mont. and was then made 


Principal Assistant Engineer of the Wisconsin Central Railway Company, the i 


_ Chicago and Calumet t Transfer Company, and the e Chicago Denatene Canter. 


by Northern Pacific ‘Railway: Company), in charge of terminal con 
Up to this time Mr. _Pearson’s work ha ad been engineering: exclusively. 
ie had always: shown, however, a keen interest in, and the desire to be associated 
i Ww vi ith, operation. ‘and in 1894 was appointed Superintendent. of the Yellowstone 
Division. He served the Northern Pacific Railway Company as ‘Superin-— 
tendent of the Rocky 1 Mountain and Pacific Divisions until 1902, when he 
was made Assistant General. In 1903, ¥ appointed 
Acting Chief Engineer, and, in 1904, | Chief "Engineer. ay tok 
Mr. Pearson continued | in n this work until December, 1905, when he took — 
as Chief Engineer of the Pacific Coast Extension of the ‘Chicago, 
‘Milwaukee, and St. Paul Railway, a line through Tugged country, 1 350 miles 
long, which he built in. as ‘many days. He organized and started the opera- 


tion of this extension. In 1911, he was appointed First Vice- President of 
Missouri Pacific and the St. Louis, Iron Mountain and Southern Railway y Com- 


panies, in charge of operation, thus returning to the first railroad on which 
he had served as a Rodman thirty years before. “way 


Pearson was associated with the Missouri Pacific Lines until April, 

1915, when he left to become First Vice-P President in charge of. the Texas: 
and Pacific Railway. ‘During his. four years” of service with ‘the Missouri 
' Pacific System, the physical condition and capacity of the property was greatly a 


improved, i its ‘reorganized, and its a much 


remained with the Texas and Pacific Railway. Company only a 
year, that is, until March, 1916, when he was called to the | service of the New 


York, New Haven, and Hartford Railroad Company, , as Assistant to the Presi 


dent, and Vice- President. — ts He became President of the Company on May 1, 


1917, on the resignation of the 2 late Howard Elliott, Affiliate, Am. Soc. 0. 
During the period of Federal | control, 4 M r. Pearson was Federal Manager of the 
Railroad, following which he 7as again elected President 
Gee 


When Mr. Pearson” ‘entered its service, the New Haven Railroad. was ill- 


equipped for handling the large volume of being offered. He 
_ remodeled the road from. ae ‘combination of many in equate separate yards 


ne e terminals, © a con solidated | sys stem with adequate terminals a 


q 


| 
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were provided, b idges” “strengthened, 
lengthened to ‘enable the handling of modern trains, a and its 


operations were ‘reorganized. which had been su 


po the New Haven Railroad Company and to the served is fitly 


expressed in the following quotation from the remarks of Dr. A. T. ‘Hadley, 


Director of the New Haven Railroad, and President Emeritus of Yale 


“Never was a man faced with a more discouraging | task than that. which — 
- nfronted this man in 1920. Only those who were at his side in those pany 
- days can know the burdens which he was called upon to carry, , and the superb © 
way in which he bore them. Step by step, with infinite patience and undaunted 
- courage, he brought order out of chaos in the operations and finances of the 
i Haven System and put it ‘ina. position to serve the community under 


The outstanding traits of Mr. Pearson’s character were his desire to avoid | 
his as to his and his ki kindly consideration 


aire they should be given every opportunity. for advancement a and full rant 


for good work well done. angen 
ie Ind une, 1926, the degree of Master of Arts was conferred ‘upon Mr. Pear- 
son Trinity College. He was a member of the American Railway Engi- 
alae Association, the” Cornell Society of Civil Engineers, a nd the Con- 
BS esa ort Society of Civil Engineers; he was also a D: Director of the An American 
Railway “Association. He belonged to the Bankers, the ‘Engineers, and the 
Metropolitan” Clubs of New York, N. Y. ; the Graduates and Quinnipiack 


_ Clubs, of New Haven , Conn. ; the Metropolitan Club of Washington, D. oa 7 


the New England and New York. ‘Railroad Clubs, and 1 the Traffic. Club o 


Mr. ‘Pearson “was married to Gertrude ‘Simmons at Evanston , Ill, 


crite” 


June 7, 1899. His” widow and a son, Harlow S. Pearson, survive him; ‘als 


= mother, two o sisters, and a br other, Raymond A. Piatiiint: abaareaar of the 
was a Metiher of the American Society of Civil En 


GUNN PRICE, Am. Soc, C. Et 


IED JULY 6, 1928. 


William Gunn Price was, born in Knoxvi Pp a. on Ju 53. His 
father, William Price, was, a physician of Welsh and English descent. ‘His 


rie 
mother, Tryphene R. (Gunn) Price, was of Irish ‘and Scotch ‘ancestry. y. He 


Bes te afd Memoir, prepared from information on file at the Headquarters of the Society. 
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wick Seminary, and later, at Columbia 


Mr. Price’s engineering experiences began when bie w as eighteen ; years of 


“age, i in the vicinity of New York and, from 1879 to 1896, he was ‘United States an 


Assistant Engineer, in charge, successively, of surveys on the “Mississippi. River, — 


the improvement of the Harbor of New Orleans, La, , the , rectification of the 
Mississippi, and ‘Atchafalaya Rivers, and other important works. He had 


harge of the construction of the two dams at the head of the Atchafalaya 
_ River, which prevented the Mississippi from | flowing to the Gulf by that shorter faa 
t paiee in the disastrous flood of 1927. He also assisted in the first surv 
Mississippi, ‘which 5 previously had not been mapped accurately, and 
in a similar survey ‘af ‘River ba 


extensively used by engineers all over the world. “sik At New 7 Orleans, } he designed 

a new and successful system of. spur- -dikes for protecting the banks of the river. 


f He was also the originator and advocate of the plan for the improvement of the © 
Lower Mississippi River, by the method which ittilizes the forces of the river 
to » dig the foundation for ‘permanent | channel- -controlling works, which plan was” 
successful a as applied by him in New Orleans Harbor, the Atchafalaya River, 


and elsewhere. Ry This method ‘a encatweation is such that the force of the river | 


can only sink the structure deeper in the sand while more “material is being Ly 
added on the top. his inventions and improvements in ‘enginess ring 


‘struction have been boldly original. 


In 1896, Mr. Price became Chief Engineer for the Chicago City, Railway 


Company, and produced the first railway track test car. This car, when 


be over th the road | at train speed, using five pens on a ‘Moving she t of 


“recorded . the location and amount of all. defects i in 1 the track. 


The same year | he originated the momentum power brake for street cars, 
which was used on all the C Chicago lines and by many other railways, 
‘the advent of larger cars: necessitated the use of the air- r-brake. 


Fora, period of ten years, beginning with 1908, he was employed by 
Standard Steel Car Company, of Pittsburgh, Pa., to. design. improvements in 
railway equipment. — The Standard Motor Truck Company, a subsidiary Com- 

pany, was_ incorporated especially to control 1 the manufacture and sale of 


Mr. ‘Price's inventions. During these ten years he placed with 


Motor: Truck Company, on royalty, thirty- three patents of railway equipment, 
many of which are in in extensive use in the United States and other countries. — 
a In 1913 Mr. Price went to Yakima, WwW ash., and contributed to labor- “saving — . 
in the fruit industry, such as, a fruit- -sizing ‘machine; an automatic 
elevator, which, in the warehouses, saves the work k of several men; box-making © 
‘machines; | box presses; an improved gravity conveyor; a machine for sizing 


a a box press for dried Not the least, interesting of 


> 
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death, of the heart; but in the late spring and early 


n June 20 he started 4 


ie a we wer as at the institution, Mr. and Mrs. Price resumed their 
Mich, was ting from ‘the | train. to ‘the Fort: ‘Shelby Hotel, 
the next day, Friday, J uly 6, 1928, the seventy-fifth anniversary of his’ gl 


is survived by his wife, Mary Kelley” Price, native of _Schenevus, 
to. whom he was ‘married in Chicago, i in 1879; one ‘son, William 
‘Price, of Selah, Wash., and one grandson, William Griffin Price. 
[ % Price was a member ¢ of the American Association of Engineers, Pro- { 


fessional | Engineers, and the American Association for the Advancement of 


z, ae! he was also a Mason and belonged to the Scottish Rite and = 
Civil 


HUR BREESE PROAL, Jr., M. Am. Soe. 0. B.* 


Breese Proal, Jr., as born on “Octobe ork, 


4 


_Y., the son of Proal, a prominent aid finaneier of 


New York. mother was Sydney Mathiot, of Zanesville, Ohio, the dau hter 
4 


eraduated from! Pratt Tantitute in Brooklyn, began his 4 
tical work in 1892 in the Electrical Testing Department of 
ty Company, which later became the New Telephone Company. 


a 
4 
id He was engaged mostly i in laying underground cable systems i in New York City q 


and assisted i in the laying of the first the Hudson Rive an 


for the Newark : Eleetrie Light wae Power Company of Newark, N. J. 


the Public Service Corporation of ‘New J ersey). In this capacity, he 


had charge of the design and erection of steam and electric equipment, as well | 
_ as the construction of several large power houses, together with detailed work 


In November, 1896, Mr. Proal was made Superintendent and Chief Engi- 
neer of the N ew Haven Street Railway ‘Company, at New Haven, Conn., for 


~ 


off its service. During this period, he laid out and built a of miles 
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New York and Staten Island Electric Company, which, in addition, ‘controlled 
the Southfield Beach Railway Company. _ Mr. Proal built the latter road com- 


plete, including its entire ‘power equipment. He was also Superintendent and 
_ Chief Engineer of the New York and New Jersey Ferry Company, the Rich- 
mond Light, Heat, and Power Company, and of several smaller companies. 


“At this time he designed and ‘supervised the construction and erection of the 


central power plant—7 000 h.p- —that furnishes a Il the lights and railway 


anuary, 1901, Mr. Proal became associated with t the Robins Conveying 


Belt Company, of New York, as ‘Sales Engineer, with which company ‘te 
"remained until his death ‘pneumonia on August 21, 1922. He was 


; in Mr. Proal 1 was the taventor of many devices used in the art and construc- 
ion of ‘conveyances and was particularly prominent in the planning and design 


- of many of the important vessel-loading plants on the Atlantic Coast. He also 
developed patented two types: of bridge tramways: for open storage of ; 


materials, which are in successful operation throughout the world to-day. 


‘These plants stand worthy memorials to his remarkable character and 


4 at Coupled ‘ete’ exceptionally observant and perceptive Mr. Pro 
a ‘very retentive memory and supplemented 


knowledge with the rare ability of being able to transmit this knowleds 
_ others concisely and freely. e ‘His death was mourned by his associates not only 


because of his cheerful disposition, his great mechanical ingenuity, and 


sales ability, but also because of his exceptional fund of knowledge and his 
willingness to impart it. He left a vacancy impossible. to fill. 


In October, 1906, Mr. Proal was. married to Sara Francizoo 


q 


Mr. ‘Proal was elected a Member of thie Society of Civil Engi 
EDWARD EMMET SANDS, M. Am. Soc. C. E.* 


: 
“the: son of Louis K. and Emily Sands. His ‘early education was ing 


i in the grade. and High Schools of Sparta, Wis., and his technical education 
the University. of from: which he was with a degree: 


the winters of 1900 1902, Mr. Sands served’ : as in 
Civil Engineering at his Alma Mater; ; during the Summers” he acted as City 


- Engineer of Sparta, designing and | supervising water, sewer, and paving im- 


4 provements. From 1902 to 1908. he acted in State 
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Columbia Company (part of 1911. and AS all 


Service). ‘From April, 1912, to. September, 1913, he served as 


Supervising Engineer for the Canadian ‘Pacific Railway Company on 
ation and ‘municipal projects in Calgary, Alberta , Canada. 


In September, 1913, Mr. Sands became City Engineer of Houston, Tex. 
engaged in general city work | and port development, | the latter « estimated at 


a 500 000. During this service he designed and supervised the | construction — 


the rst “ac tivated sludge re? sewage disposal plant in America. During 
the World War he also acted as. Supervising: for (Camp Logan: and 


From March, 1918, to he was engaged as Consulting Engineer 


the Atlantic, Gulf, and Pacific Company, in New York, 


March to September, 1920, he served as President of the Houston Construction _ 
_ Company, at Houston; and from September, 1920, to June, 1921, as Chief | 


» Ave 


Engineer for the H. F. Friestedt Company, Chicago, IIL, and Houston. 
In. June, 1921, Mr. Sands entered private consultation practice in partner- 
ship with John iB. Hawley, M. Am. Soc. OC. E., of Fort Worth, Tex., with | 


- offices in Houston and Fort Worth. _ This firm designed and supervised the 
construction ¢ of water: purification and sewage disposal works at Fort Worth, 


Breckenridge, Lubbock, and Sweetwater, ~Tex., and port iprovements at 
Corpus Christi, Tex., totaling several million dollars, during 1921, 192 2 , and 


1906, Mr. Sands | was to of Colo. 


the ‘zenith of his and activities, in 192 3, 


and his father | at Wis ‘the came as s he do 


q 


= 


the writer, » who will ever mourn his passing, as a dear. friend and faithful 
Cc 


He was a ‘Past- -President of the Texas Section of the Society; Chairman 


of the Houston City Plan Commission, and s a | Member of the following « organi 


the Wisconsin Division of Sons of the American Revolution; 


estant, E piscopal Ohureh, , of Houston; 


le, Honston.... 


Mr. Sands was s elected a ember of the 
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‘TRUESDALE 


John Truesdale Stewart 1 was born at Loda, TIL, on January 1868, 


of William R. and (Barr) Stewart. was of Scotch: h-Trish descent, 


>» 


wee 
Mr. Stewart was gradua 
1888. In 1893, he was awarded the degree of Bachelor of ‘Science from a 


g “University. of Illinois, Urbana, Tl., , and, in 1909, that of Civil En ineer f 


ae While Mr. | Stewart was known principally as an authority on 1 agricultural 


rainage, his activities took him into other engineering g fields i in various parts 
of the country. Beginning his « engineering career as Rodman on land drain- 


age work in 1890, he | spent years 1891 to 1892, on ‘Tailroad work. From” 


i 
893 to 1897 he was engaged in general engineering practice in Illinois. Dur 

g the ‘following two years he was occupied in both drainage and railroad 


holding several positions during this period. In 1899, Mr. Stewart: was 


g appointed Field Assistant with the United States Geological Survey, a a posi- =e 


tion which he held ‘until 1904, when he became Drainage Engineer, i in the ef 
| United States ‘Department « of f Agriculture, on drainage and irrigation 
‘South Dakota, North Dakota, Minnesota, Arkansas, and Florida. aah 
ad 


In 1908 was made Professor and Chief of the Division of Agricultur al 
at the University of “Minnesota, “Minneapolis, Minn. ‘At 


_ time | he conducted research work on the drainage and development of coe 


a lands, the durability of drain tile, 2, and the ‘efficiency and maintenance of open 
"ditches; he also prepared as sole” or -author numerous papers, several of 


which have been published by t the United ‘States Department of Agriculture. 
Among these are: “Drainage Eastern Parts of Cass, Traill, 


Forks, Walsh, and Pembina Counties, North Dakota” ; sf. “Farm Drainage, Min- 
1esota Extension’ “Installation of an Experimental Drainage "System, 


esota Experiment Station” ; 3§ ‘Review of Drainage Legislation” ;||_ anc 7 


numerous other papers: on land drainage. In addition, he senior pe 


ngineering on the Farm”. 


ae Imbued with a a strong sense of of loyalty and patriotism, Ly ‘Professor Stewart 
was active in the military service of the United States. sh In 1893, he was made 
Brevet Captain, the Illinois National Guard. With “the outbreak of the 
Spanish- American ‘War, he organized of which he mm 


elected Captain. a Major i Reserve 
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Mr. Weller specialized in the design. of electri ¢ and hydro- electric 


6 


1917, ‘ond served as | 


against his desire he » was not permitted ‘0 serve overseas, he > distinguished 


! in himself so | as to receive honorable mention from his superior officers 


held | a commission as Colonel in the United States Engineers caiicioual 
Following the ec lose of the Wo rid War, Colonel Stewart was pe with 


_ the Portland Cement Association. Th 1922, he resumed his consulting prac 


: tice, as a recognized authority on drainage and wet land development. 
ways ‘courteous, friendly, and interested, Colonel Stewart had, 


ie friends, . both in and out of the. engineering fraternity. He was a student of a 


natural history, always fond of outdoor life, and he especially. enjoyed 
He was a ‘member of the Society of American Military Engineers, the 
Wes ern Society of Engineers, the American Society of Agricultural Engi- 


? neers, the Engineers’ Society of St. Paul, the American Legion, the Sons of | 


ingineers in 1918. Although m muc ch 


sf _ the Revolution, the Society of the War of 1812; and Tau Bota Pi, Sigma Xi, 7 


Ay anuary 1, 1900, he was married to Ida Belle Wilson - tis ‘gur vives him. 
Ta He died June 9, 1928, and was buried in Arlington National Cemetery, with. 


Colonel Stewart was ‘elected an Associate Member of the Society 
of Civil Engineers on September 6, 1905, and a Member on n October 10, 1916. or 


FRANCIS REPETTI WELLER. M. Am. Soe. 


Francis Repetti- Weller was born in Washington, D. ‘on February 16, 
1880, the son of Michael I. and Rita (Repetti) Weller. He was edueated at 


Mount St. Mary’ College, “near Emmitsburg, and then attended 
- Columbian University, at ‘Washington, D. C., which is now known as George 
- Washington University. me He was graduated from Columbian University with 


* 


_ the degree of Bachelor of Science in Civil niginoaring in 1899, and i in J une, 
1900, received the degree o Civil 


} 


a F rom 1899 to 19038 Mr. Weller was ccm in dad Engineering Depart- 


} ment of the District of f Columbia, principally on bridge design, and, in addi-- 


tion, was a an Instructor at Columbian University. In ‘September, 1903, he 


entered private practice as a Consulting Engineer, “with headquarters at 


power plants, transmission lines, and water- -works | plants. He also always had : 


been closely connected with public ‘utility work. For the Municipal Service 


Corporation, he designed and plants i in 1 Salem, Ohio, Alexandria 


a — and construction of plants for the City of Richmond, and 
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REPETTI 


f Bedford, Va., 


electric of the Keystone | at Ridgway, P. a, he 


and, later, by and West. Virginia Power | 
Bona is now the property ‘the ‘American: Gas and Electric ‘Company. ‘ 


connecting it to at w. ‘Va., and Ky. vale 
ee thn 1917, and during the World War, he was employed by the Navy Depart- 


‘ment, Bureau of Yards and Docks, to design ‘additions toa great many of the 
3 Navy Yards on both the Atlantié and Pacific Coasts. During this period he 
we had a large designing force i in his employ and made plans for extensions and 
= ‘enlargements at the Brooklyn, N. Y., Navy Yard, the Navy Yards a a ; Phila Tee 
i i delphia, Pa., and Norfolk, Va., the’ Submarine Base at New London, Conn., 
: and a Naval Station at New Orleans, together with about ten other 


smaller “projects. He was also Engineer the United States Housing 


Corporation during this s same period. In recognition of his excellent work 
. for the Bureau of ¥ ards and Docks the was made Lieutenant Commander i in 


In 1923 Mr. Weller w was employed a as 5 Ouliching Engineer for the Virginia 
Western Power Company and built steel tower transmission Fines 
Charlottesville to Staunton, ‘Va. , revamped the power house at ‘Charlottesville, 


and constructed ‘sub- stations at 1 Charlottesville Staunton. The fol- 


i In 1925, a public holding company 
“Interstate Utilities Corporation. This holding company had in 


Central an South Georgia and Mr. Weller was its President, as. well wer. 


President of all companies, These were afterward 


of which he was President. The holdings of this 


it properties were sold. to o the Allied Uitte Company, of which Mr. ‘Weller 


the spring ‘of 1926, Mr. ‘Weller po Consulting Eng 
the Fitkin to build lines i in Florida and 


tinued for a period of approximately tv } years. “ple 


ich the City Watauga lower Uompany, at Bris:ol, Tenn., 
hed 
j 
western) 
West Virginia and built the first power plant in that State at Logan. This hoa 
~ 
pes 
i 
at Clifton Forge, Va, to Ronceverte, W. Va., and wood pole distribution lines 
q 
ne, 
rg 
| 
y holding 
he 
he Company 
ric 
ice 
nd 
he nglis and Jasper to Valdosta, Ga. he 
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F rancis R. Wale, Incorporated at the time mo i death, he was Presi- 


ook a , great interest in civic “aa charitable o organizations. ah He was rage 


the Washington Board of Trade Roman 


munity Chest work and before his death was a Vice-President of 
the Washington Community Chest. His active work in the Washington Board a 


of ‘Trade and engineering training gave him the Chairmanship ‘of the 
; | Water Supply Committee of that body | and through it he was instrumental i in ‘a 
“bringing about the present: improved conditions of the Capital City’s water 


Mr Weller was a member of a great marfy social organizations and clubs - 


_ in Washington, among which were the Knights of Columbus, the University _ 


_ Club, the City Club, the Rotary Club, the Racquet Club, the Congressional 


Country Club, and the Columbia Country Club. At the time of his death he q 
Was a , Director of the East Washington Savings Bank and the Federal Amer- 
ican National Bank. “a He was also a director of of Edmonds Art Stone Company o;* 


1911, he \ was married to Mellie: AL of. ‘Alexandria, Va, by whom 


and 1 interested in questions to it and 

its work. His passing was mourned by thousands of friends and 
by the poor ‘and needy whom he had helped : 80 often. 
Weller was elected a a Junior of the American Society of Civil Engi- 
neers on February 5 1901; an Member on November 1905; and 


NISBET WINGFIELD, M. Am. 


af Nisbet Ww Vingfield was born at ‘ “Cloverdale”, the summer home of his family a 


in Dade County, Georgia, on September 23, 1861, the second | son of Alfred — 
and Julia (Lea) Wingfield. He attended the University of. Mississippi 


also the ‘University of Tennessee from whith, he: was in 1880.00 


Memoir prepared by James Houstoun Johnston, James J. Gaillard, James 
ker, Am. Soc. c 
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MEMOIR | 
when he went to Chattanooga, " Tenn., as Chief ‘Engineer of the ‘water-works. 
( n Chattanooga until 1895, , when he removed to ‘Atlanta, Ga. 


where he he made his headquarters while engaged o on the design | and constructior 


of -water- works and sewerage projects at various places. 


— In 1898, he was called | to Augusta, ( Ga., to take charge of the enlargement es: 
City Water- -Works, and, later, became City Engineer and Commissi ioner 
of Public Works, holding this. position, until: 1919, when he engaged i in private 
Consulting Engineer. While City Engineer 


practice as er of Augusta, Mr. 
Wingfield planned and constructed system of levees for the 


the city against the flood waters of the Savannah River. This was 
j chievement of his career, and will serve as a monument to him. 
~The Augusta Chronicle, speaking editorially, stated: 
security of the city against flood waters has been and 


, 


= 


e also planned levees for bail iy and for Wes oint 
“Among the projects ‘constructed, by Mr. ‘Wingfield are several bridges in 


Ne various parts of the South, including the Archibald Butt Memorial Bridge, 


- Augusta, a structure of pleasing ¢ architectural design, as well as the water 
works at Augusta, Montgomery, Ala., Meridian, Miss., Greenwood, 


a a number ¢ of smaller r cities. . As a Consulting Engineer he was 


known ‘throughout the Southeast ‘and his. opinion was sought: on ‘many large 


‘During the World ‘War he was. retained by the Government as 


Project on the eonstruction Camp Hancock at Augusta, and on 
housing project. which was commenced for the enlargement of the Navy 
at Charleston, At the time of his death, he was Consulting 


Engineer for the Savannah River Electric Company, in connection with. this Be 


Company's hydro: -electric development of the Savann h River abov 


Mr. ‘Wingfield was a man of charming personality, kind and courteous to — 


em cultured and polished, a an companion ‘to old and young; and 


= 


m 


— 


E Mr. Wingfield loved his profession and was e ever an honor to it. . Broad- 
minded liberal, he was: always strict ‘fair i in all his ‘dealings 


America’s: great engineers; an entire city 


> 


had served a as ‘Viee- President, have lost and those 
who 


Mr. Wingfield was elected a Member of the American Society of 
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Memoirs. 


Lewis Ackhart, the son of Nathan and Eva 


orn at Clintondale, N. Y., on April 3, 1887. a He received his preliminary educa- : 


ae e tion in the schools of Highland and Poughkeepsie, N. Y., and, later, attended 
va Cornell University at Ithaca, N. Y., from which he was graduated « on June 22, 
1911, with the degree of Civil Engineer. He supported himself at the Uni- 


versity as a@ pioneer salesman aluminum > cooking utensils and other 


‘i Mr. Ackhart’s first engineering engagement v was, as ‘Inspector with the Farris 


» OF Pittsburgh, Pa, on a concrete substructure for a 
+f "Li 


ovember, 1911, to 
Subsequently, from J january to. “October, 1912, he the 


position of “Rodman Instrumentman on extensive ‘stadia topographical 

with the Co sta Rica and Panama Boundary Arbitration | ‘Commission. 


“and pay of ‘Toronto, nt., Q in n which he had charge of the design 
of concrete bridge and culverts for the Canadian 
Ontario Railway. In May, 1913, he entered the employ of James 


McAlear, of Toronto, as Draftsman. on heating, lighting, and ventilating instal- 
A | 


lation for office buildings, hospitals, schools, ‘and factories, He From July to 
_ August, , 1913, he ‘was engaged as a Draftsman by J. HF. Trommanhauser, of 
Toronto, on the design OE ‘sichitleey for a grain elevator for the Quebec 


In ‘September, 1913, Ackhart returned to Mackenzie, ' Mann ‘and 
- pany, where he served until J anuary, 1915, as Assistant Superintendent on the 


5 4 construction of ‘round houses, machine shops, pumping stations, and all other 
division buildings at Fitsback, Ont., Coda. work also included 


iT; 


a iss ‘From April to Ju une, 1915, he had charge of the construction of a private 
bs water supply and syatem at Clintondale, N. Y. _ Having refused 
Inspector of 4}-in. shells at various ‘munition plants. throughout 
i the Canadian Inspection and Testing Laboratory, Limited. . From June to i 
December, 1916, | he ‘was engaged by the Buffalo Construction | and Equip- 
ment Company, of Buffalo, N. in charge of 4 miles of catenary tower 
- eoncrete e foundation, and bridge abutments and culverts for the International 
Railway Company. re ‘During J anuary and February, 1917, he served as Drafts- 
with the Castner -Electolytic Alkali Company, of Niagara Falls, on 


"structural steel design and machinery layouts; and from ‘February to October, 


1917, as Draftsman with the ‘Hooker Electro-' Chemical Company » of Niagara 


_ Falls, on the design of a pump- -house and intake for a Pumping station with © 


& 
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MEMOIR OF MERLIN CROSS. CRAWFORD 


capacity of 24 000 000 gal. as well as on plant and a 


On October 8, 1917, Mr. Ackhart the position of 
with the e Eastern Concrete Steel Company, of Buffalo, where he had responsible 


% charge of estimates . It was during this time that he supervised e ere 
the New York Central Railroad Express Station and other tructures, which 


consisted of a grade-crossing viaduct, a concrete building, etc. 


5 ‘z In 1919, he was engaged by The Boldt Construction Company of Cleveland : 


~Qhio, as Engineer and Estimator, « and he held this position until his : death o1 on 


4 On April 29, 1922, Mr. Ackhart was s married to E Louise Hanes, who wit 


“Ackhart was a Knight Templar, a Shriner, and a Thirty- 


= holding a ‘great Order, of which he: was a st staunch 4 


with whom 
he came | in contact. 


a J unior of the American Society of Civil Engi 
Member on September 1 10, 1918. Me 


mA Th 
Diep 1 1 1098, 


Merlin Cross Crawford was born at Chilton, Tex., on ean 21, 1889, the Ny 
in was graduated from the University of, Texas at ‘Austin, Tex ex., in ‘Jord, 


with! the degree of Bachelor of Arts, and in the following year the 


Pittsfield, ‘Mass. After having served a year with this Company he returned 
to his native State, where the work of reclaiming lowlands by drainage ditches _ . 


~ and levees constructed by dragline excavators was in its infancy and where the 
~ eonstruction | of highways was ‘creating ¢ a demand for gravel. Although he had at 


been educated as an Electrical Engineer, Mr. Crawford foresaw the enormous 


amount of reclamation work i in prospect and decided to east his lot into that 
“engineering field. He therefor e joined the forces of Callal 1an and Crawford 2. 
in the operation of gravel properties in South Texas. 


___ His next position was with the W. E. Callahan Construction Company at 
Pies’ Tex., in the capacity of Superintendent i in charge of a large number oa ; 
“reclamation projects, including parts of ‘two of the largest projects in the 


| namely, the Dam near Seymour, built the Wichita Falls” 
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s connection continued until 1927, when he entered business for : 


himself. the ‘time of his accidental death on February “11 » 1928, which 


--yesulted from a fall from-a hotel window i in San Antonio, Tex., he was engaged 


in the beginning of his. largest individual contract—the erection of the steel i in 
Had it “not been for his untimely, death, Mr. Crawford would ‘undoubtedly 


_ have made for himself, in an even greater degree, a record for achievement, as 
he possessed. to a remarkable extent the qualities that make for success in the 
7 


construction and engineering world. energy was unbounded and he 

o the happy faculty « of being able to build up an organization that | was ever ready, ' 

te rx; 7 


_ through a spirit of unfaltering loyalty, to give ‘to him m the same whole-hearted - 
support that he had always given to his employers. His « cheerful, 7 genial per- 


and his “unswerving | devotion to his" friends him an always 
welcome e addition to any group. ged a 


“He: was a member of Hella Temple, of Dallas, and the Dallas Athletic Club. ; 


was also a member of Sigma Alpha Epsilon Fraternity. cam 


Crawford was married in 1917, to Jean Figh, « 


GEORGE CHRISTIAN SCHOENBERGER, Astoc. M. Am. Soc. C. E.* 
2 


hris as, Plaquemines Parish 
1%, "195, the son of George M. and Mary (Walker) Schoen- 


received his early education at. Buras, and entered 
sisiana Stato University at Baton Rouge, , from which he was grad- 


uated i in 1898, receiving a Bachelor | of Science degree i in Civil pe “Mechanical — 
Engineering. During his college career, he was a_ member of the famous 


football t team of 1896, , took an active interest in the ‘military ] life of the college, | 


serving as Major during his Senior year, and was a member of abs Sigma 


i a Shortly after his graduation, Mr. Schoenberger entered the employ of the — 


State Board of Engineers of Louisiana, which, i in 
s its Chief Engineer during a most trying period. 

He began 


Levee Inspector on the Red ‘Hive After a a year with the State | Board, he 
accept a position with the Houston Irrigation | Company as 


"Assistant, Engineer in charge of irrigation work in Southwestern Louisian 


se 


q 


engagement was followed _by short services as Rodman and Inspector 


: 
United States Engineer Office, and as Field ‘Superintendent with ¢ the 


engaged in levee work. herb 


— Memoir prepared by Gervais ‘Lombard, Es 
ssoc. M. Am. Soc. 
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n November; 1901, Mr: 
as Surveyor in of party on 


LION 


neer with the U. Office, New Orleans, La., in charge ‘of levee 


 eénstruction in the ‘Lafourche and Pontchartrain Levee Districts. ‘The fol- 
i- lowing six years were spent in this capacity. During a part” of this time, 


= . Schoenberger and hi his family made th their home in ‘Natchez, Mise., where — 
enjoyed the : society of a host of friends. 


Although Mr. Schoenberger rather frequently changed 
eS! early period, his work always was related to. river control, in some of its varied my 


& phases. | He must have realized early that this was to be his life work, and a ae 


that a broad training embodying all its branches was highly Conse- 


‘quently, in October, 1908, he again changed | positions, this ‘time going to to the . 


Mississippi River Commission, 4th District, District Engineer’ s Office, at 


ew Orleans, with: which he stayed until 1917, was appointed a 


Member | of ‘the Board of State E ngineers. ping 
During the high-water periods of 1912, 1918, 1915, and 1922 ch of the 


responsibility for keeping intact the levee lines the 5th Louisiana ‘and 


‘Tensas Basin Levee Districts was Mr. ‘Schoenberger’ 8, and due largely to his 


management in rescue work after the break at Fagette, La., n no lives were lost. 
It was during this flood that Mr. Schoenberger first began to 


_ From the time in 1917 that he was appointed ¢ a ‘Member of the State Board : 


of Engineers by Governor Ruffin G. Pleasant, until his death, Mr. Schoen- 


i berger was ‘constantly with the State Board, having been re-appointed in 1920 


Governor John “M. Parker, and in J anwary, (1925 , being named Chief 
7 Engineer by Governor Henry L. Fuqua to fill the e vacancy caused by ; the e death — 


of the late Frank M. Kerr, M. Am. Soe. C. E. Sang 
gait he record flood of the Mississippi River and its tributaries i in 1927 brought 


forth the sterling ‘qualities of Mr. Schoenberger, upon whose shoulders fell a ‘< 
of thousands of people in the Lower alley.” took a a leading in ‘the 


cutting of ‘the Caernarvon Levee below | Tew Orleans, creating the artificial ve 
revasse which was to relieve the danger of a break at tl the city “above. A 


we 
> 


_ every available. hour of his time, , and he fought 16 the last ditch for every foot —_ 
of levee. It was: only after everything that had been 


the time, but with defeat came : victory, - 


of country to the need of flood 

menace 
1928, when he died from a at his 
- plaining of pains in the region of the heart, he had arisen as usual, dressed, and — 
"prepared to go to his office. _ While i in the garden of his home, he ws was stricken 

and died before the arrival of a physician. Mr was 
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Hee work during the fight to save 
in ‘1097, and his habors: in Washington, 6, in behalf of 


Public tribute was paid to Mr. Schoenberger after his death by hin cinialie 


riends. and admirers, 1 many of whom held high office. following editorial 
ublished i in New Orleans, just after his death , expresses the eae in which 


and unassuming, om Schoenberger was one of 
_ those talented Louisianians whose work had escaped general public notice — 
until last year when the greatest flood in the history of the Mississippi River — 
centered attention on the men who bore the brunt of the battle against almost — 
“hopeless odds. this crisis he emerged as an effective and skillful 
of the State’s flood forces, whose command he had assumed pes oor years before — 4 
“Although disaster after easter plain of State, 
his courage never slackened, nor was there ever any flagging in his resolution 
to fight to the last to save every possible acre from destruction and ruin. His 
personal presence was felt wherever the water threatened in the far-flung 
battle line from the south bank of the Arkansas. River to the Gulf of Mexico. 
ih the long history of Mississippi River floods probably no ‘more critical situa- 
tion could be cited than that existing on the memorable night of Good Friday, 
Be nc when a rain and windstorm whipped the waters of the swollen Mississippi 
“between New Orleans and Baton Rouge, shattering levees at a dozen different 


eral days of furious work. The holding “of the hang lines | on n the Mississippi 
below Red River Landing until the Bayou des Glaises crevasses had relieved 


~ 


the pressure in the main stream, was a notable achievement in itself. __ 

_ For the task which confronted him in the 1927 flood Mr. Schoenberger 
Age had been in training since his graduation from the State University in 1898, 
a practically his entire time since then having been devoted to river work. He 

had espoused the spillway cause along with-other notable engineers prior to 
2 the 1927 flood, and in the fight at Washington last fall and | winter for ade- 
quate flood control legislation his views had marked effect. His unexpected 
death; following a year ‘and a half of intense activity, ‘first the gruelling 
- pattle to hold the levees and afterwards at ‘Washington, is a distinct loss to 
< the State, to the service of ‘whieh he had devoted tl the most useful years of 


He was: married on Jd 1902, to Podine Conrad Pope, of Baton 
: - Rouge, La. He i is survived by his widow, three sons, George O,, « Jr. » Ripley 


Pope, and Sidney Conrad, and one daughter, Podine. spit 
Mr. Schoenberger was elected an Associate Member of American 
Society of Civil Engineers on November 1917, 


N TULLY, Assoc. M. Am. Soe. 


Edward John Tully was born at Omaha, Nebr., on June 23, 1893, the son 


of John Charles Tully and Gertrude (Stein) Tully. Most of his life was 
spent: in Omaha, where he attended the public ‘schools, finishing High 
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ering mpa y, in 
"several years, leaving to ) enter service during the World War. 


in ashington, 
‘Kansas. ‘was not sent overseas, ing 


the City. As Draftsman, he also assisted in the design of a -in. water 
: oo tT. miles long, costing in excess of $800 000. He designed the founda- 
tion and connections ‘for two pumps with capacities of 30000 000 gal. per day. : 
After serving with the Metropolitan Utilities District for three and one- 


In an unsuccessful to regain his health, he following two 
q years, until his death, in 1 California. When left Omaha for Sierra 


by Mr. Tally’ aunt, wen to California on a 
_ The wedding ceremony was performed Wednesday afternoon and Mr. Tully 


‘passed : away Saturday morning. g. Mr. Tully’ s remains were ‘brought back 0 
‘Omaha from California, - -and he was laid to rest in St. -Mary’s Cemetery, 


pair Mr. Tully was very fond of outdoor sports. " He was an expert swimmer 


4 and skater, and } played | baseball on several junior teams Be He was very ambi- 
ol days: he v worked 


his: ‘uncle’s ’s grocery store from five oO ‘clock j in 1 the morning w until it was time for 
shim to 4 go to school, and then again after ‘school hours and on Saturdays. ¥ He 
also” attended night : school to further his engineering knowledge, and because 


loved his. work, wi was always studying during his ‘sickness. ‘Hee ass 
w 


Tikeable personality, he w was quiet and reserved, but. loved by all knew him 
he lived longer, he doubtless would have been very successful. Among 


Tally was elected an 


Quincy, the son of George Henry nd ‘Mary Caroline has) 


ty was born in Newton ‘Mass., on July 16, 1856. On his 
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who came from 


Quincy’ 8 elementary training was received at the High School 


gether with s some time under: the guidance of a private tutor, 


x 


at sea, due to ill health, ‘and was shipwrecked off the coast of Denmark. 
oie ity 1886, he entered the railroad supply business, a a founder of the firm 
which fi first coteapel the Dunham Manufacturing Company and, later, a 
pe the Q and C Company, of which he became President i in 1887, and with ‘Which, 
he: was connected during the remainder of his active business life. Subse- 
quent t to 1922, Quincy ‘gradually lessened | his active participation in the 


work of the Company, and, in 1926, he was appointed Chairman of the ‘Board 
of Directors, which office he held until his death. Mr. Quincy passed “away 
on October 1, 1927 » at his summer home, Centre Harbor, N. 


He was bile Chairman of the Board of the Dorr: -Miller Differential Com 
pany, and the Miller Transmission Company and Vice-President and Director 


of the Kelvinator and Westchester Company. gam bay achat 


BUSY 


Mr. Quiney was a member of the American Society of Mechanical Engi- 


American Institute of Mining and Metallurgical Engineers, ‘American 
Association for the Advancement of Science, and the American Society Sor 


“He also in the Railroad ‘Club, the Greenwich ‘Country 
ub, and the Lotos Club of New York, Chicago Club, the New York 
otanical Society, the New Y ork Zoological Society, the National 1 Geographical 2 


Society, and the Metropolitan Museum of Natural History. H 
Mr. Quiney’s s entry into the various mechanical s ocieties was dye to his 
success in presenting new railroad devices ‘to the railroad trade. He was a 


“hg great friend of the under- privileged boy, having been ‘the first President of | 
the Allendale Association Lake ‘Villa , I, and a member of the Board 
of the Boys Club Federation of New Yi York and Hope Farm, at Verbank , N. Y E 


October. 22, 1879, Mr. Quincy was ‘married to Etta Molineaux Ives. 


= He is survived by his widow and four children, Mrs. A. Q. Karcher, and Polly, | 


) Mr. Quincy was elected an Affiliate o the American ‘Society. of Civil 
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